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ABSTRACT 
The p rog res s  of t h e  r e sea rch  program i n  t h e  y e a r  1975 is  pre-  
sen ted .  I n  a d d i t i o n  t o  a r e p o r t  of p r o j e c t  s t u d i e s ,  d i s c u s s i o n s  
of program development, r e s e a r c h  procedures,  and coope ra t ive  
r e s e a r c h  e f f o r t s  a r e  included.  The c rab  c r i t i c a l  s t a g e  p r o j e c t  
s t u d i e s  included d i s t r i b u t i o n  and r e l a t i v e  abundance of l a r v a e  
and j u v e n i l e  c r a b s  i n  t h e  Gulf of the  Fa ra l lones ,  San Pablo Bay 
and San Franc isco  Bay. Severa l  f i s h  s p e c i e s  were i d e n t i f i e d  a s  
c r a b  p r e d a t o r s ,  g e n e t i c  s t r u c t u r e  of Dungeness c r ab  popula t ions  
were i n v e s t i g a t e d ,  and growth r a t e s  of j u v e n i l e  c r a b s  were de t e r -  
mined. The c r a b  environment p r o j e c t  c o l l e c t e d  h i s t o r i c a l  and 
r e c e n t  d a t a  on parameters  of oceanographic f a c t o r s  i nc lud ing  
tempera tures ,  s a l i n i t i e s ,  c u r r e n t s ,  upwell ing,  s e a  l e v e l ,  and 
r i v e r  f lows i n t o  t h e  bays and ocean. Environmental t o x i c a n t  
l e v e l s  i n  c r a b s  a r e  being determined f o r  a wide spectrum of 
heavy me ta l s ,  p e s t i c i d e s ,  PCB's, and petroleum hydrocarbons. 
The Marine Cu l tu re  Laboratory developed techniques  f o r  s m a l l  and 
l a r g e  s c a l e  c u l t u r e  of c r a b s  from eggs he ld  under c o n t r o l l e d  
cond i t i ons  t o  a i d  i n  des ign  of l abo ra to ry  tests of t h e  e f f e c t s  
of environmental f a c t o r s  on c rab  s u r v i v a l .  
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FOREWORD 
This report is the second in the series of Marine Resources Adminis- 
trative Reports which presents the Dungeness Crab Research Program and 
progress of its investigations. Marine Resources Administrative Report 
75-8 was the research proposal for the program. It presented the back- 
ground of the central California crab problem, objectives of the program, 
research design, work plans for the 4 years of study, and an outline of 
preliminary research activities. 
This report of the progress of the research program is for work 
accomplished in the year 1975. Three more progress reports will be made, 
one for each of the years 1976, 1977, and 1978. The final report of the 
Dungeness Crab Research Program will be submitted to the Governor and 
Legislature in September 1979. It will include the findings of the 4- 
year investigation together with recommendations for legislative and 
administrative actions necessary to protect the resource and increase the 
abundance of crabs in State waters. 
H. G. Orcutt 
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The Problem 
The central California Dungeness crab, Cancer magister, resource has 
yielded harvestable crabs at drastically low levels for 15 seasons in 
comparison to the long-term average of previous seasons, while the 
resource off northern California has fluctuated at relatively higher 
levels (Figure 1). 
The need to understand the causes of the catastrophic condition of 
the central California crab fishery is real in terms of the economics 
crucial to the livelihoods of the fishermen, the economic values to the 
State, and the well-being of a renewable biological resource. Biologists, 
fishermen, dealers, retailers, and consumers are concerned. The Legisla- 
ture became convinced of the need for investigation into the causes for 
the decline and in 1974 by Senate Bill 1606 directed the Department to 
conduct such an investigation. The DUNGENESS CRAB RESEARCH PROGRAM 
statement was presented to the Fish and Game Commission on August 26, 1975 
and was issued as Marine Resources Administrative Report No. 75-8, October 
1975. 
The Objective 
The objective of the Dungeness Crab Research Program is to determine 
factors causing the decline and continued low levels of California's 
Dungeness crab resource and to make management recommendations to protect 
and increase the resource. 

Program Development 
The Dungeness Crab Research Program was ass igned  t o  Research Team 
So. 1 w i t h i n  Operat ions Research Branch. The a c t i v i t i e s  of t h e  r e s e a r c h  
team were i n i t i a t e d  i n  1974 wi th  two p r o j e c t s :  (1) Crab C r i t i c a l  Stage 
S tud ie s ,  and ( 2 )  Crab Environment S tud ie s  (Figure 2 ) .  The f low of t h e  
dynamics of c ~ ~ u n i c a t i o n ,  c o l l e c t i o n  of in format ion ,  and c o n t r o l  of t h e  
u n i t s  of t h e  t o t a l  s t r u c t u r e  f o r  t h e  program a r e  a n t i c i p a t e d  t o  be  con- 
t inuous .  
The Dungeness Crab Research Program proposa l  f o r  a  &year s tudy  from 
J u l y  1, 1975 t o  September 1, 1979 included a  minimum of personnel  f o r  t h e  
r e s e a r c h  u n i t ,  Research Team No. 1: s i x  b i o l o g i s t s ,  one s tenographer ,  
and 18 months of temporary h e l p  each year .  The c i v i l  s e r v i c e  c l a s s i f i c a -  
t i o n s  f o r  t h e  program a r e :  
Requirement 
man-months Actual  
Assignment Civi l  s e r v i c e  c l a s s  per  yea r  1975-76 
Program Superv isor  Lab. Superv isor  1 2  12  
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Stenographer Steno. Range B 1 2  
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FIGUKE 2. Dungeness c r a b  r e s e a r c h  tcam o r g a n i z a t i o n a l  c h a r t  f o r  1974-75. 
The r e d u c t i o n  of 9 man-months' tfme dur ing  t h e  f i r s t  year  r equ i r ed  
cu r t a i lmen t  of program a c t i v i t i e s ,  p r imar i ly  f i e l d  o p e r a t i o n s ,  which of 
course  reduced t h e  amount of b a s i c  d a t a  scheduled f o r  c o l l e c t i o n .  I f  t h e  
a d d i t i o n a l  A s s i s t a n t  Marine B i o l o g i s t  p o s i t i o n  f o r  t h e  C r i t i c a l  S tages  
P r o j e c t  i s  n o t  e s t a b l i s h e d  i n  1976, t h e  schedule of t a s k s  f o r  t h e  program 
w i l l  be  r ev i sed  t o  r e f l e c t  12 man-months l e s s  e f f o r t  per  year .  
The cour se  of a c t i o n  f o r  t h e  r e s e a r c h  of t h e  i n v e s t i g a t i o n  i s  t o  
determine t h e  occurrence  and d i s t r i b u t i o n  of c r i t i c a l  s t a g e s  of c r a b s  i n  
bays and nea r sho re  wa te r s ,  and t o  measure t h e  e f f e c t s  of p r e v a i l i n g  envi-  
ronmental f a c t o r s  on c r a b  s u r v i v a l ,  p a r t i c u l a r l y  i n  popu la t ions  of c e n t r a l  
C a l i f o r n i a .  This  i nc ludes  two major r e sea rch  e f f o r t s :  one i n  c r a b  
b io logy ,  t h e  o t h e r  i n  t h e  marine environment. The system t o  b e  s tud ied  
c o n s i s t s  of s e t s  of i n t e r a c t i n g  b i o l o g i c a l  and environmental f a c t o r s ,  
i . e . ,  ecology.  The f i n d i n g s  of t h e  program w i l l  be  measurement of t h e  
f a c t o r s  and t h e  observable  and c a l c u l a b l e  r e s u l t s  of t h e  i n t e r a c t i o n s .  
Data of u s e  i n  exp la in ing  reasons  f o r  t h e  low l e v e l s  of c r a b  product ion 
w i l l  be  used i n  a r r i v i n g  a t  conclus ions  and i n  deve loping  management 
recommendations which become t h e  end product .  
Hypotheses r e l a t i v e  t o  causes  of t h e  problem were formulated and 
examined t o  determine which were most p l a u s i b l e  and s u b j e c t  t o  r e sea rch  
by t h e  manpower and funding a n t i c i p a t e d  through August 1979. The p r i n c i -  
p a l  hypotheses genera ted  were: 
.I. San Franc isco  Bay i s  an important  nu r se ry  a r e a  f o r  young c r a b s ;  i t s  
r e c r u i t s  a r e  necessary  f o r  a  sus t a ined  c e n t r a l  C a l i f o r n i a  f i s h e r y ,  
b u t  n a t u r a l  o r  man-caused cond i t i ons  prevent  s u r v i v a l  of adequate  
numbers of t h e  young crabs .  
2. Nearshore ocean water  qualit:y has d e t e r i o r a t e d  due t o  man's a c t i v i t i e s  
t o  a l e v e l  below t h a t  necessary  t o  suppor t  c r a b s  through t h e  c r i t i c a l  
l a r v a l  and j u v e n i l e  s t a g e s .  
3 .  S a t i s f a c t o r y  r ec ru i tmen t  l e v e l s  have been p r o h i b i t e d  by e f f e c t s  of 
n a t u r a l  oceanographic cond i t i ons  such a s  tempera ture ,  s a l i n i t y ,  cur-  
r e n t s ,  e t c . ,  on l a r v a e  and j u v e n i l e  c r a b s .  
These hypotheses sugges t  t h a t  t h e  c r i t i c a l  c r ab  s t a g e s  are t h e  l a r v a l  
and j u v e n i l e  forms occu r r ing  i n  bays and nea r sho re  ocean wa te r s ,  and t h a t  
t h e  most p l a u s i b l e  causes  of low s u r v i v a l  should be sought  i n  t h e  e f f e c t s  
of n a t u r a l  and man-caused env i ronaen ta l  cond i t i ons .  Though t h e  major 
e f f o r t  of t h e  r e s e a r c h  program is d i r e c t e d  toward r e s o l v i n g  problems sug- 
ges ted  by t h e s e  t h r e e  hypotheses,  t h e r e  i s  work t o  i d e n t i f y  t h e  p o s s i b l e  
e f f e c t s  of p reda t ion  and e f f e c t s  of s p o r t f i s h i n g  f o r  c r a b s  i n  San F ranc i sco  
Bay. 
It i s  n o t  uncommon f o r  c rus t acean  s p e c i e s  t o  h a t c h  from eggs born by 
females  i n  nea r sho re  ocean waters .  Some l a r v a e  become d i s t r i b u t e d  i n  bays 
and e s t u a r i e s  having w a r m e r  wa te r s  of lower s a l i n i t y .  The l a r v a e  metamor- 
phose i n t o  a d u l t  form and migra te  back t o  t h e  c o o l e r ,  h ighe r  s a l i n i t y  
c o a s t a l  waters. I n  l a t e  s p r i n g  j u v e n i l e  c r a b s  a r e  found i n  bo th  bay and 
nearshore  ocean wa te r s  of c e n t r a l  C a l i f o r n i a .  It i s  t h e  de t e rmina t ion  of 
t h e  interdependence of t h e  two environments and t h e  f a c t o r s  f avo r ing  su r -  
v i v a l  of l a r v a e  and j u v e n i l e  c r a b s  which r e q u i r e s  t h e  e f f o r t  of t h i s  
r e s e a r c h  program. 
The s tudy  of c r a b s  by t h e  Department i n  prev ious  y e a r s  h a s  r evea l ed  
much informat ion  on ha tch ing  and e a r l y  growth of c r a b s  i n  ocean and bay 
waters .  We know t h a t  i n  t h e  Gulf of t h e  F a r a l l o n e s  c r a b s  ha t ch  from t h e  
masses of eggs c a r r i e d  on t h e  abdomen of females  f r equen t ing  sandy bottoms 
a t  depths  from 30 fathoms t o  t h e  shal lows i n  t h e  b r e a k e r s  on t h e  beach. The 
ha tch ing  occu r s  dur ing  win te r  months and i s  be l i eved  t o  reach  i t s  peak i n  
January.  The l a r v a e  a r e  s u b j e c t  t o  d i s p e r s a l  by water  c u r r e n t s  dur ing  t h e i r  
development and metamorphosis i n t o  j u v e n i l e  c r abs .  The l a r v a l  per iod  t a k e s  
about  4 months. J u v e n i l e  c r abs  found i n  both  ocean and bay w a t e r s  a r e  
c r abs  which have n o t  a t t a i n e d  sexua l  ma tu r i t y ;  t h i s  occu r s  when t h e  c r a b s  
a r e  about  100 mm (4 i nches )  i n  width.  Researchers  r e p o r t  l a r v a l  and 
j u v e n i l e  forms a r e  c r i t i c a l  s t a g e s  i n  t h e  l i f e  of c r u s t a c e a  and t h a t  t h e s e  
s t a g e s  o f t e n  demonstrate  s e l e c t i v e  d i s t r i b u t i o n  i n  bays and e s t u a r i e s .  
Others  r e p o r t  short- term e f f e c t s  of s y n t h e t i c  o rgan ic s ,  petroleum was tes ,  
and heavy m e t a l s  on v a r i o u s  forms of c r u s t a c e a ,  a l though long-term e f f e c t s  
a r e  n o t  w e l l  documented. 
A major a c t i v i t y  of t he  r e s e a r c h  p r o j e c t s  i n  1975 was t h e  s e r i e s  of 
r e sea rch  c r u i s e s  i n  A p r i l ,  May, June, and September. I n  each month, 
approximately 2 weeks of c r u i s e  t ime of t h e  r e s e a r c h  v e s s e l  KELP BASS were 
d i r e c t e d  t o  c o l l e c t i o n  of young s t a g e s  of c r a b ,  zoeae,  megalopae, o r  e a r l y  
c r ab  i n s t a r s .  S p e c i a l  plankton n e t s ,  t r a w l s ,  and dredges  were used a t  
s t a t i o n s  i n  t h e  Gulf of t h e  F a r a l l o n e s  and i n  San F ranc i sco  Bay. We have 
d i r e c t  evidence from tagged c r a b s  t h a t  c r a b s  from t h e  Bay e n t e r  t h e  com- 
merc i a l  f i s h e r y  i n  t h e  ocean. However, w e  do n o t  have r e c o r d s  of zoeae o r  
megalopae i n  bay wa te r s  i n  q u a n t i t i e s  t o  g i v e  rise t o  t h e  r e l a t i v e l y  l a r g e  
numbers of j u v e n i l e  c r a b s  i n  t h e  Bay. I n  t h e  s e a r c h  f o r  t h e  v e r y  c r i t i c a l  
s t a g e s  when crab  zoeae metamorphose t o  megalopae and t h e  megalopae t o  t h e  
f i r s t  c r ab  form, we'hope t o  f i n d ~ s o m e  answers. Searches f o r  s m a l l  c r a b s  
dur ing  t h e i r  e a r l y  s t a g e s ,  when the  success ion  of mo l t s  is  most r a p i d ,  
a r e  made t o  cletermine when and wtlere they  f i r s t  occur  i n  l a r g e  numbers 
on t h e  bottom of bays  o r  ocean. Research c r u i s e s  w i l l  be  scheduled each 
yea r  t o  c o l l e c t  needed b i o l o g i c a l  and environmental d a t a  i n  San Franc isco  
Bay and t h e  Gulf of t h e  Fa ra l lones .  
For 1 week i n  each of t h e  months October and December on 
t h e  32-ft  r e s e a r c h  v e s s e l  STRIPER I1 w e  conducted surveys  in San Pablo 
Bay and n o r t h  San Franc isco  Bay t o  fo l low t h e  p rog res s  of development and 
d i s t r i b u t i o n  of t h e  1975 yea r  c l a s s  of c r abs  which f i r s t  appeared i n  ou r  
May c o l l e c t i o n s  i n  San Pablo Bay. 
The c o l l e c t i o n  of environmental d a t a  du r ing  t h e  c r u i s e s  and t h e  com- 
p i l a t i o n  of h i s t o r i c a l  d a t a  on n a t u r a l  and man-caused environmental  fac-  
t o r s  have l e d  t o  development of computer s t o r a g e  and a n a l y s i s  of l a r g e  
s e t s  of environmental parameters .  
Crabs have been sampled f o r  s p e c i a l  ana lyses  of t i s s u e s  f o r  such 
t o x i c a n t s  a s  heavy meta ls ,  p e s t i c i d e s ,  PCB's, and petroleum d e r i v a t i v e s .  
The work of t h e  s e v e r a l  t a s k s  of t h e  r e s e a r c h  p r o j e c t s  are programmed 
t o  conduct l i t e r a t u r e  s ea rch ,  t o  c o l l e c t  b i o l o g i c a l  and environmental  
d a t a ,  t o  zna lyze  d a t a ,  t o  conduct l abo ra to ry  t e s t s ,  and t o  s y n t h e s i z e  t h e  
informat ion  f o r  formula t ion  of recommendations. The r e s e a r c h  des ign  pro- 
v i d e s  i n t e r a c t i o n  of p r o j e c t  t a s k s  and g ives  d i r e c t i o n  from t h e  o n s e t  t o  
conclus ion  w i t h  cons ide ra t ion  of t h e  p receden ta l  o r d e r  of  planned a c t i v -  
i t ies  (Figure 3 ) .  
Study Area 
The Dungeness c r ab  program s tudy  a r e a  was determined by d e f i n i t i o n  
of t h e  a r e a  of t h e  problem, hypotheses t o  b e  cons idered ,  and manpower and 
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r e sea rch  v e s s e l s  svai1:lblc f o r  f i e l d  op r ra t lonn .  The t ra t l i t i ana l -  crabbing 
grounds of c e n t r a l  C a l i f o r n i a  ( F i g u ~ e  4 )  have had low y i e l d s  f o r  t he  l a s t  
1 5  seasons.  They a r e  w i t h i n  t h e  Gulf of t h e  F a r a l l o n e s  wi th  minor exten-  
s i o n s  northward t o  Bodega Eay and t h e  Russian River  and south  t o  Half Noon 
Bay. The major nu r se ry  a r e a s  a r e  t h e  wa te r s  of San Pablo Bay, n o r t h  San 
Franc isco  Bay, and t h e  shal lows of t h e  Gulf of t h e  Fa ra l lones .  The use  of 
t h e  r e s e a r c h  v e s s e l  KELP BASS f o r  ocean and bay c r u i s e s  and t h e  STRIPER I1 
f o r  San Pablo Bay work, t oge the r  w i t h  c r u i s e  t ime and manpower l i m i t a t i o n s ,  
made i t  f e a s i b l e  t o  r e s t r i c t  t h e  f i e l d  o p e r a t i o n  t o  t h e  ocean o f f  San 
Franc isco  sou th  of P o i n t  Reyes t o  P a c i f i c a  and t h e  San Franc isco  Bay 
system from San Franc isco  t o  Crocket t  (F igures  5 and 6 ) .  
For t h e  purposes of es tab l i shment  of s tudy  s t a t i o n s ,  t h e  s tudy  a r e a  
was d iv ided  i n t o  r e c t a n g l e s  of one minute of  l a t i t u d e  and long i tude  
(approximately 1 square  m i l e ) .  Each r e c t a n g l e  h a s  been ass igned  a  number 
which i s  used a s  a s ta t ion-number  f o r  a l l  r eco rds  of obse rva t ions  o r  SZE- 
p l i n g  (F igures  5 and 6 ) .  During 1975, 12 s t a t i o n s ,  seven ocean and f i v e  
bay,  were v i s i t e d  on each s p r i n g  c r u i s e .  I n  a d d i t i o n ,  o t h e r  s t a t i o n s  
were s e l e c t e d  f o r  t h e  s p r i n g  c r u i s e s ,  t h e  s p e c i a l  f a l l  c r u i s e ,  and win te r  
c r u i s e s  t o  s tudy  d i s t r i b u t i o n  of j u v e n i l e  c r a b s .  
Research Vesse l s  
The Department of F i s h  and Game r e s e a r c h  v e s s e l s  KELP BASS of t h e  
Marine Resources Region and STRIPER I1 of t h e  Bay-Delta F i she ry  P r o j e c t  a r e  
t h e  p r i n c i p a l  v e s s e l s  used i n  t h e  program. I n t e r m i t t e n t  u se  of t h e  r e s e a r c h  
v e s s e l  N .  B .  SCOFIELD and p a t r o l  b o a t s  BLUEFIN, BONITA, and TUNA i s  sched- 
u led .  I n  t h e  p ro t ec t ed  shal.lows of bays where l a r g e r  v e s s e l s  cannot navi-  
g a t e ,  15- t o  20-ft  boa t s  a r e  used t o  extend t h e  coverage of  f i e l d  s t u d i e s .  
H 
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FIGURE 4 .  Central California crab fishing areas. 

RICHMONC 
LJRE 6 .  Station locations of the Dungeness crab study area in the 
San Francisco Bay system. 
The KELP BASS is a 92-ft steel hulled vessel with a heavy duty trawl 
winch, hydrographic winch, and a line puller. A heavy duty towing frame 
is used for trawling and dredging off the main winch. The hydrographic 
winch is mounted on an auxiliary boom. It is used for taking water sam- 
ples and plankton net tows. The line puller is used for retrieving traps. 
A 15-ft outboard skiff, carried on the vessel, is used at times for 
shallow water work. The size of the KELP BASS and its ample accomoda- 
tions for crew and scientists make it a very satisfactory research plat- 
form in the Gulf of the Farallones and in the deeper waters of San Pablo 
and San Francisco Bays. The KELP BASS is scheduled for cruises April- 
July each year. 
The STRIPER I1 is a 32-ft gillnetter with a hydraulically powered 
dual-drum winch used for light trawling, dredging and plankton towing. 
The STRIPER I1 is scheduled for 1 week each month September-February 
1975-78 in San Pablo Bay. For additional coverage of shallow bay loca- 
tions various skiffs of Marine Resources Region are used. 
Gear 
The equipment and fishing gear required for field operations of the 
program include special electronic instruments, a variety of nets, traps, 
and water samplers. 
Temperatures andsalinities of water to depths of 200 ft are obtained 
by using a salinity-temperature meter with probes on 50- and 250-ft leads. 
Water temperatures of intermediate and deep stations are taken by an 
expendable depth-temperature (XBT) launcher-recorder system. Salinities 
of water at depths beyond the capabilities of the salinity meter are 
obta ined  by s a l i n i t y  de t e rmina t ions  i n  t h e  l a b o r a t o r y  from water  samples 
taken by Van Dorn-type water  b o t t l e s  lowered and r e t r i e v e d  by hydrographic 
winch. 
C o l l e c t i o n s  of c r a b  l a r v a e ,  zoeae and megalopae, a r e  made by towing 
p lankton  n e t s  from t h e  hydrographic winch. Two types  of  p lankton  n e t s  
are used. For c o l l e c t i o n  of p lankton  a t  t h e  ocean s u r f a c e  and i n  shal lows 
of t h e  bays, s tandard  plankton n e t s  of 0.5 m diameter  and 303-micron nylon  - 
mesh w i t h  505-micron c o l l e c t i o n  buckets  were used. I n  ocean wa te r s ,  plank- 
t o n  tows a t  s e l e c t e d  mid-depths and nea r  bottom are made w i t h  0.5 m diam- 
e t e r  opening-and-closing plankton n e t s  operated by a s p e c i a l  double 
r e l e a s e  a c t i v a t e d  by messengers dropped doxm t h e  towing c a b l e .  The 
opening-and-closing plankton n e t s  a r e  505-micron mesh nylon.  The c o l l e c -  
t i o n  buckets  a r e  of 505 micron mesh. 
Beam t r a w l  and o t t e r  t r awl  n e t s  are used t o  c o l l e c t  p o s t - l a r v a l  
c r a b s  and a s s o c i a t e d  s p e c i e s  i n  bo th  t h e  Gulf of t h e  F a r a l l o n e s  and t h e  
San Franc isco  Bay system. The beam t r a w l  i s  opera ted  from t h e  KELP BASS 
a t  ocean and bay s t a t i o n s .  Th i s  gear  c o n s i s t s  of a 1- inch mesh n e t  wi th  
a n  8 x 2 f t  opening. The cod end h a s  a l i n e r  of 1/2-inch mesh nylon 
webbing t o  r e t a i n  smal l  c r abs .  The n e t  is  secured t o  a n  8 - f t  frame of 
i r o n  wi th  s i d e  runners  which s l i d e  on t h e  bottom. Two s i z e s  a f  o t t e r  
t r a w l s  have been used i n  t he  c o l l e c t i o n  of j u v e n i l e  and a d u l t  c r a b s  a s  
w e l l  a s  a s s o c i a t e d  s p e c i e s .  
One of t h e  o t t e r  t r awl s  i s  designed f o r  ca t ch ing  l a r g e  samples of 
f i s h  and s h e l l f i s h  i n  ocean waters .  The n e t  i s  a semi-balloon type  wi th  
43-f t  headrope, nylon n e t t i n g  of 1-1/4 inch  mesh and a 1/2- inch mesh 
l i n e r  i n  t h e  cod end. The n e t  i s  f i s h e d  wi th  a p a i r  of s t e e l  h y d r o f o i l ,  
Luketa Vee-type t rawl  doors  2-112 x 4-11? f t  and weighing 300 ib each. 
The o t h e r  type  o t t e r  t r awl  used i s  a  semi-balloon des ign  wi th  a  16 - f t  . 
headrope,  t h e  n e t t i n g  i s  nylon,  1-112 inch  mesh i n  t h e  body and 1-114 
inch  mesh cod end. An i n n e r l i n e r  of 112-inch mesh i s  i n  t h e  cod end t o  
r e t a i n  v e r y  small. c r abs .  . The t r awl  doors  used wi th  t h i s  n e t  a r e  of .314-  
i nch  marine plywood 24 x 1 2  i nches ,  meta l  bound and wi th  318- x 2-inch 
i r o n  bottom shoes .  This  n e t  i s  s u i t a b l e  f o r  t r awl ing  from t h e  KELP BASS 
and STRIPER 11, us ing  powered winches, a s  w e l l  a s  f o r  f i s h i n g  from s k i f f s  
when pu l l ed  aboard by hand. 
Commercial type  c rab  t r a p s  b a i t e d  wi th  f i s h  c a r c a s s e s  a r e  used f o r  
s p e c i a l  sampling of a d u l t  and j u v e n i l e  c r a b s  i n  t h e  ocean. The u s e  of 
t r a p s  i s  t o  supplement t h e  c a t c h  of t r awl  gear  and t o  provide  samples 
frorn a r e a s  too rocky f o r  t r awl ing  o r  too  c l o s e  t o  shore  f o r  s a f e  naviga- 
t i o n  wi th  c a b l e  ou t .  
1n.some i n s t a n c e s ,  p a r t i c u l a r l y  i n  San Franc isco  Bay and San Pablo 
Bay, t h e  water  i s  too shal low f o r  t h e  KELP BASS, t h e  bottom i s  too  muddy 
f o r  t r awl ing  o r  t r app ing ,  o r  power i s  n o t  a v a i l a b l e  f o r  l i f t i n g  heavy 
gea r .  A t  such t imes,  sampling f o r  a d u l t s  and j u v e n i l e s  i s  accomplished 
by us ing  c rab  hoop n e t s  b a i t e d  wi th  f i s h  c a r c a s s e s .  
Other des igns  of gear  a r e  contemplated f o r  sampling: 1 )  l a r v a e  and 
f i r s t  p o s t - l a r v a l  forms i n  f i n e  meshed dredges,  and t r a p s ;  2 )  a d u l t s  and 
j u v e n i l e s  i n  bottom digging  dredges ;  and 3)  s u b s t r a t e  i n  orange p e e l  o r  
Ponar bottom grabs .  
k e e t i n g s  and Cooperat ive Research A c t i v i t i e s  
Ea r ly  i n  t h e  development of t h e  Dungeness c r ab  r e s e a r c h  program a 
s e r i e s  of meetings of marine b i o l o g i s t s  and s t a t i s t i c i a n s  of Opera t ions  
Research Branch and Marine Resources Region were he ld  t o  formula te  
hypotheses which l e a d  t o  t h e  t a s k s  t o  meet t h e  program o b j e c t i v e .  This  
approach c a l l e d  upon t h e  c o l l e c t i v e  e x p e r t i s e  of t h e  s c i e n t i s t s  w i t h i n  
t h e  Department of F i s h  and Game who had exper ience  i n  c r a b  r e s e a r c h  and 
management, program planning ,  and p r o j e c t  o rgan iza t ion .  I n  a d d i t i o n ,  
r e s e a r c h e r s  of t h e  Un ive r s i t y  of C a l i f o r n i a ' s  (Berkeley)  Bodega Marine 
Laboratory (BML) were consul ted  t o  a s s u r e  t h e  maximum v a l u e  of complemen- 
t a r y  r e sea rch .  The r e s e a r c h  team conducted a  seminar a t  t h e  Nat iona l  
Marine F i s h e r i e s  Se rv i ce  (NMFS) Laboratory a t  Tiburon t o  have t h e  pre- 
l imina ry  program s t a t emen t s  examined by o t h e r  than  S t a t e  of C a l i f o r n i a  
r e sea rche r s .  At t h e  1974 C a l i f o r n i a  Cooperat ive F i s h e r i e s  I n v e s t i g a t i o n s  
meeting a t  Santa  Barbara another  oppor tun i ty  a r o s e  t o  d i s c u s s  t h e  develop- 
ment of r e s e a r c h  approaches,  p a r t i c u l a r l y  i n  oceanographic c o n s i d e r a t i o n s .  
Pe r iod ic  Dungeness Crab Research Team meetings were he ld  t o  d i s c u s s  and 
e v a l u a t e  t h e  s t a t emen t s  i n  t h e  proposa l  f o r  t h e  c r a b  r e s e a r c h  program as 
d r a f t s  were be ing  prepared.  The f u l l  s ta tement  of t h e  Dungeness Crab 
Research Program was submit ted t o  Department headqua r t e r s ,  Sacramento, i n  
J u l y  1975. A f t e r  a Departmental review t h e  p roposa l  was submit ted t o  t h e  
F i s h  and G a m e  Commission i n  August 1975. During 1975 t h e  s t a t emen t  w a s  
p resented  a t  t h e  Marine Resources Tra in ing  Conference a t  Lake Arrowhead, 
t o  C a l i f o r n i a  a d v i s o r s  of t h e  P a c i f i c  Marine F i s h e r i e s  Commission a t  
San Franc isco ,  a t  t h e  S ta te -Federa l  Dungeness Crab a d v i s o r s '  meeting a t  
Santa  Rosa, and t o  t h e  s h e l l f i s h  b i o l o g i s t s  a t  t h e  P a c i f i c  Marine F i s h e r i e s  
Commission a t  San Diego. 
Seve ra l  r e s e a r c h  groups have been v e r y  coope ra t ive  i n  t h e  development 
of c r a b  r e s e a r c h  procedures  and s h a r i n g  of d a t a  v a l u a b l e  t o  t h e  program. 
The United States Geological Survey, Menlo Park, has a research unit which 
is studying water characteristics, currents, and plankton in the 
San Francisco Bay and estuary system. We have had several meetings with 
scientists of that unit to discuss technical problems and exchange data. 
The Pacific Environmental Group of W S ,  Monterey, has made computer decks 
of historical data on Pacific Ocean environment parameters available to 
our project studies on environmental factors. San Francisco Bay area 
plankton samples taken by NMFS, Tiburon Laboratory have been made avail- 
able to our specialist microscopically examining plankton. There has been 
a free exchange of technical information between the University of 
California BML and our Marine Culture Laboratory (MCL). This sharing of 
expertise aids in the development of productive culture methods of crab 
larvae and early post-larval stages. 
Scientists at the University of ~alifornia's (Berkeley) Naval Bio- 
medical Laboratory in Oakland will determine petroleum hydrocarbon levels 
in crab tissues, and the University of ~alifornia's (Berkeley) Lawrence 
Livermore Laboratory is testing samples of crab eggs for a wide range of 
trace and major elements. At the Moss Landing Marine Laboratories (MLML) 
special analyses for trace and major elements in crab tissues have been con- 
ducted in conjunction with Department analyses at the Water Pollution Control 
Laboratory. This cooperative effort includes examination for 10 potential 
contaminants. Levels of pesticides in crab tissues are being determined 
by the ~epartment's Pesticide Laboratory. It is anticipated that the 
findings of the various studies for contaminants will aid in the design 
of tolerance tests and bioassays of larvae and juvenile crabs in our 
laboratories. 
Severa l  agencies cooperated i n  providing crab  samples f o r  an  e lec t ro -  
phore t i c  s tudy of crab  t i s s u e s  t o  determine genet ic  d i f f e r e n c e s ,  i f  any, 
i n  crabs  along the  P a c i f i c  coas t .  The Alaska Department of F i s h  and Game, 
Washington Department of F i s h e r i e s ,  Oregon Department of F i sh  and Wi ld l i f e ,  
and t h e  F i s h e r i e s  Research Board of Canada co l l ec ted  and sen t  t o  us  crabs  
t o  complete coverage from Kodiak, Alaska t o  Morro Bay, Ca l i fo rn ia .  The 
e l e c t r o p h o r e t i c  s tudy of crab  t i s s u e s  i s  being done by the  Department of 
Biology of the  Univers i ty  of Ca l i fo rn ia ,  San Diego (UCSD). 
The eva lua t ions  and suggest ions gained from t h e  s e v e r a l  meetings on 
Dungeness c rab  and the  cooperat ive a c t i v i t i e s  of s e v e r a l  non-Departmental 
groups a s  w e l l  a s  F i sh  and Game u n i t s  have been a s s e t s  t o  program planning 
and t h e  i n i t i a l  year  of the 4-year r e sea rch  study. Both t h e  C r i t i c a l  Stage 
Pro jec t  and the  Environment P ro jec t  owe much t o  o the r  than t h e i r  p r o j e c t  
e f f o r t s  f o r  the  progress accomplished i n  1975. 
CRAB CRITICAL STAGE PROJECT STUDIES 
A c r i t i c a l  review of the  l i t e r a t u r e  pe r ta in ing  t o  a l l  l i f e  h i s t o r y  
s t ages  of Dungeness crab  (Figure 7 )  was conducted i n  1975. Information 
concerning these  s t ages  was accumulated and analyzed. We assumed t h a t  
a l l  l i f e  h i s t o r y  s t ages  f o r  l a r v a l  and juveni le  crabs  were p o t e n t i a l  
I I c r i t i c a l  s tages" and thus needed t o  be examined and inves t igated .  
P r i o r i t i e s  were es tabl ished i n  l i g h t  of a l l  hypotheses formulated and 
those deemed most probable. The following ob jec t ives  f o r  1975 a c t i v i t i e s  
r e f l e c t  these  p r i o r i t i e s  a v a i l a b l e  information, time, manpower, and log i s -  
t i c a l  considera t ions :  
1 )  Determination of d i s t r i b u t i o n  and r e l a t i v e  abundance of Dungeness 
crab  zoeae, megalopae, and e a r l y  pos t - larval  i n s t a r s .  
2) Determination of predators  and e f f e c t s  on crab populat ion.  
3) Examination of s p o r t f i s h i n g  e f f e c t s  on juveni le  c rab  populat ion 
numbers. 
4 )  Determination of t h e  r a c i a l  composition of P a c i f i c  c.oast c rab  
s tocks  with emphasis on t h e  r e l a t i o n s h i p  between nor thern  and 
c e n t r a l  Ca l i fo rn ia .  
5) Determination of growth r a t e s  of juven i l e  crabs  i n  bay waters. 
Dis t r ibu t ion  and Rela t ive  Abundance 
Mater ia ls  and Methods 
Larval Stages The research v e s s e l  KELP BASS was employed a t  s t a -  
- 
t i o n s  i n  the  nor th  San Francisco Bay-San Pablo Bay complex and i n  the  Gulf 
of the  Fara l lones  &om Apri l  4 t o  June 25 (46 days) i n  an at tempt t o  ' 
Zoea Megalopa 
LARVAE 
ADULT 
FIGURE 7. Representative stages of Dungeness crab, Cancer magistzr. 
c o l l e c t  crab  larvae .  S ta t ions  were se lec ted  with respec t  t o  o v e r a l l  
coverage of t h e  a rea ,  h i s t o r i c a l  information on d i s t r i b u t i o n  of a d u l t  and 
juven i l e  crab,  and l o g i s t i c s .  
A t  s t a t i o n s  i n  t h e  Gulf, t h e  messenger-operated opening-closing 
plankton n e t  was towed a t  t h e  su r face ,  5 m, 15 m,  and 25 m ( i f  poss ib le)  
f o r  10 min. A t  t h e  remaining s t a t i o n s ,  a l l  i n  shallower bay waters,  t h e  
standard f i n e r  meshed n e t s  w e r e  towed a s  c lose  t o  t h e  bottom a s  advisable  
i n  order  t o  sample t h e  incoming cur ren t s .  Depths a t  which t h e  n e t  was 
f i s h i n g  were ca lcu la ted  from cons tan t ly  monitored cable  angles.  Occa- 
s i o n a l  oblique tows were conducted a t  loca t ions  between s t a t i o n s  (e.g. 
underneath t h e  Golden Gate Bridge). After each tow was completed, the  
plankton n e t  was washed down and t h e  plankton sample preserved i n  a 32 oz 
j a r  of 10% buffered formalin. A l l  samples were re turned t o  t h e  labora tory  
f o r  processing. 
A bottom t rawl  of 10 t o  20 min dura t ion was conducted a t  each s t a t i o n .  
A 43-ft t rawl  n e t  was used a t  s t a t i o n s  ou t s ide  t h e  Golden Gate and a 16-ft  
o t t e r  t rawl  i n s i d e  (Figures 5 and 6 ) .  A sample of predator  f i s h e s  
was taken from these  t rawls  and t h e i r  stomachs removed, preserved,  and 
re ta ined .  The stomach samples were subsequently examined f o r  a l l  s t ages  
of Dungeness crab. 
I n  t h e  labora tory ,  plankton samples were examined i n  o r d e r - o f  col lec-  
t ion .  They f i r s t  were placed i n  a graduated cyl inder  and t h e  volume of 
t h e  sample determined. Fluid was e i t h e r  added o r  removed t o  meet a stand- 
a rd  volume (e.g. 200 ml) from which a 1 m l  a l i q u o t  was taken. A l l  v i s i b l e  
organisms i n  t h i s  a l i q u o t  were i d e n t i f i e d  ( t o  the  lowest taxon poss ib le)  
I 
l and enumerated us ing  a Wild M-5 s t e r e o  microscope. F i f t y  t o  one hundred 
I percent  of t h e  remaining mater ia l .  was analyzed and a l l  brachyuran l a r v a e  
I 
I and megalopae removed. The brachyurans, of which Cancer magister is one,  
I 
were keyed t o  fami ly ,  and genus-species i f  necessary .  
I 
I F i s h  stomachs taken i n  t r a w l  ope ra t ions  were analyzed i n  a s i m i l a r  
I 
I manner f o r  t h e  presence  of Dungeness c r a b  l a rvae .  The stomachs were 
I opened and c o n t e n t s  inspected.  Organisms were keyed t o  t h e  lowest  taxon 
I p o s s i b l e  and r e t a i n e d  i n  50% i sop ropy l  a l c o h o l  s o l u t i o n .  
I 
I J u v e n i l e  S tages  Concurrent w i t h  plankton tows and environmental 
I 
I measurements, bottom t r a w l s  (prev ious ly  desc r ibed )  were taken a t  each 
I 
s t a t i o n  i n  f i e l d  ope ra t ions  from A p r i l  4 t o  June 25 aboard t h e  KELP BASS. 
I The KELP BASS was employed a g a i n  from September 9-21 t o  a s s e s s  d i s t r i b u -  
I - t i o n  of 1975 year  c l a s s  c rabs .  From October through December, t h e  p r o j -  
I 
e c t  used t h e  STRIPER I1 t o  monitor 1975 yea r  c l a s s  c r abs .  I " 
I n  our  s p r i n g  ope ra t ions  w e  r e l i e d  on t h e  43-ft  t r a w l  and 16 - f t  
t r awl  t o  c o l l e c t  e a r l y  pos t - l a rva l  i n s t a r  c r a b s  from t h e  bottom of Gulf 
of t h e  Fa ra l lones ,  n o r t h  San Franc isco  Bay, and San Pablo Bay. Stomach 
samples ga thered  i n  t h e s e  t r awl s  would y i e l d  evidence on d i s t r i b u t i o n  of  
j u v e n i l e  c r a b s  a s  w e l l  a s  c r ab  l a r v a e  p rev ious ly  d i scussed .  Crabs co l -  
l e c t e d  i n  t h e s e  t r awl ing  ope ra t ions  were counted, neasured,  sexed,  and 
re turned  t o  t h e  water .  On our  September c r u i s e  w e  used an 8 - i t  beam 
t r a w l  and hoop n e t s  t o  a s s e s s  1975 yea r  c l a s s  c r a b  d i s t r i b u t i o n  and 
r e l a t i v e  abundance. Dupl ica te  10-min tows were made a t  each s t a t i o n ,  
t h e  second i n  oppos i t e  d i r e c t i o n  t o  t h e  f i r s t .  The hoop n e t s  were b a i t e d  
and s e t  on t h e  bottom f o r  approximately 30 min. Again a l l  c r a b s  c o l l e c t e d  
were counted, measured, sexed, and r e tu rned  t o  t h e  water .  The fo l lowing  
s t a t i o n s  were occupied twice  each i n  September: 74, 86,  102, 122, 167,  
183, 820, 1000, 1073, 1119, 1164, 1252, 1333, 1571 (F igures  5 and 6) .  
A c t i v i t i e s  aboard t h e  STRIPER I1 included a 10-min tow w i t h  t h e  
16 - f t  t r awl  and a 30-min s e t  w i t h  f i v e  b a i t e d  hoop n e t s .  Crab samples 
were processed a s  j u s t  descr ibed .  A l l  s t a t i o n s  covered by t h e  STRIPER I1 
a r e  i n  San Pablo Bay. 
Laboratory a n a l y s i s  i s  l i m i t e d  t o  i d e n t i f i c a t i o n  of j u v e n i l e  c r a b s  
i n  t h e  stomach con ten t s  of  c o l l e c t e d  f i s h e s .  
Resu l t s  
Larva l  S tages  A t o t a l  of 186 p lankton  tows was made i n  t h e  Gulf 
of t h e  Fa ra l lones ,  n o r t h  San Franc isco  Bay, and San Pablo Bay between 
A p r i l  4 and June 25, 1975. Analys is  of t h e  samples y i e lded  no Dungeness 
c rab  zoeae and only  1 2  megalopae from s i x  s t a t i o n s  (Table 1). 
1 TAELE 1. Occurrence of Du~gcness Crab . in  Plal~kton Tows, April 4 to June 25.  
Date 
- 
Station no. Depth (appro;si~.iite) - Vumher Stage. 
April 13 183 0-4 m* 1 megalopa 
April 18 228 
Play 8 1333 
X3y 9 1053 
14ay 11 1333 
Hay 16 886 
May 16 228 
Nay 22 1021 
May 22 1021 
J u n e  14  1571 
June 22 1392 
surface 
25 m 
surface 
15 m 
0-35 m* 
surf ace 
25 m 
surf ace 
15 m 
* oblique tow 
The plankton catch was dominated by copepods. The most frequently 
occurring copepod in bay waters as evidenced by our samples was Acartia 
c h s i .  Samples from the Gulf of the Farallones yielded large numbers of 
the copepod CaZanus marshaZZae and others Acartia Zongiremus, EucaZanus 
bungii, fdetl-idia pacifica, and Tortanus discmdatus . Other prominent 
zooplankters included doliolids, larvaceans, pinnotherid crab zoeae and 
megalopae, zoeae of the crab families Hippidae and Porcellanidae, hyperid 
amphipods, barnacle nauplii, immature euphausids,chaetognaths and poly- 
chaete larvae (not listed in order of importance). 
A total of 613 fish stomachs collected in the study area within the 
same time frame were analyzed for the presence of Dungeness crab larvae 
(Table 2). 
TABLE 2. Occurrence of Dungeness Crab Larvae in Fish Stomacfi Contents, April 4-June 25, 1975. 
Predator 
Station no. Number Stage Scientific name Common name 
April 12 1021 1 rnegalopa GZyptocephaZus zachirus rex sole 
April 14 102 1 megalopa Leptocottus armatus staghorn sculpin 
May 9 1021 1 megalopa CZyptocepFaZus z~ch i rus  rex sole 
May 11 1571 15 megalopa PZatichthys steZZatus starry flounder 
Flay 15 167 1 megalopa Leptocottus armatus staghorn sculpin 
Flay 18 167 1 megalopa Leptocottus armatus staghorn sculpin 
Juvenile Stages A total of 104 bottom trawls was conducted between 
April 4 and June 25, in the search for early post-larval crabs (Table 3). 
TABLE 3. Occurrence of 1975 Year C lass  Crabs from Bottom Trawls,  
A p r i l  4 t o  June 25, 1975. 
S i z e  range P o s t - l a r v a l  
Date S t a t i o n n o .  Number (mm> s t a g e s  p resen t*  
May 17 74 1 14 3rd 
May 17 102 4 4 9-15 2nd, 3rd 
Elay 1 8  122 6 2 7-16 l s t ,  2nd, 3rd 
May 18 167 1 2  10-16 2nd, 3rd  
May 1 9  8 6 2 13-14 3rd 
June 1 0  1571 
June 16 74 
' June 16 
June 1 6  
June 1 9  
June 1 9  
June 20 
June 20 
June 21 
June 21 
June 25 
June 25 
June 25 
* Stages  es t imated from more than 20 y e a r s  carapace width  da ta .  
The 613 stomachs analyzed for the presence of C. magister larvae also 
yielded information on the distribution of juveniles (Table 4). 
TABLE 4. Occurrence of Dungeness Crab J u v e n i l e s  i n  F i s h  Stomach Contents ,  A p r i l  4 t o  
June 25, 1975. 
Preda tor  
Date S t a t i o n  no. Number Stage S c i e n t i f i c  name Common name 
A p r i l  1 0  74 3  -* Raja binocuZata b i g  s k a t e  
May 8 1333 1 -t I f  I f  I t  II 
I 1  1571 6 2nd Platichthys s t e z k t u s  s t a r r y  f lounder  
May 15 167 1 3rd Leptocottus armatus s t a g h o r n  s c u l p i n  
II I 1  1 2nd I f  I t  I 1  1) 
May 1 6  1164 1 -* Scorpaenichthys mannoratus cabezon 
May 17 102 2  2nd Leptocottus armatus s t a g h o r n  s c u l p i n  
May 1 8  167 1 1st I f  I f  I 1  II 
11 11 I f  I f  11 11 5 2nd, 3rd 
t t  11 5  2nd, 3rd I) II tI I 1  
II II 1 3rd I f  I ?  11 II 
I 1  I t  2  2nd Genyonems l ineatus w h i t e  c roaker  
I t  I 1  I f  I f  11' 11 3  2nd, 3rd 
I 1  I 1  2  2nd Ptatichthys steZkztus s t a r r y  f l o u n d e r  
May 22 1164 1 -* Leptocottus ~ t u s  s taghorn  s c u l p i n  
June 1 0  1333 2  2nd RhacochiZus toxotes r u b b e r l i p  s u r f p e r c h  
June 17  167 1 2nd PZatichthys steZZatus s t a r r y  f lounder  
I t  ' I t  2  3rd  I f  I? I 1  I t  
I 1  11 1 4 t h  Leptocottus m a t u s  s taghorn  s c u l p i n  
I t  II 4  4 t h  I f  I f  11 I t  
I t  11 1 4 t h  I f  I? *I II 
II 122 1 0  3rd ,  4 t h  MusteZus henZei brown smoothhound 
I t  I I  1 2nd 11 n t t  11 
I t  I 1  4  4 t h  I f  It I 1  11 
June 25 I t  6 4 t h  Acipenser medirostris g r e e n  s tu rgeon  
I t  I. 1 4 t h  PZatichthys s t e t  k t u s  s t a r r y  f lounder  
*I II 3 5 t h  f f  I f  I 1  I t  
l t  I* 2 5 t h  I f  # I  11 11 
11 I, 1 4 t h  Raja  binocutata b i g  s k a t e  
* 1974 year  c l a s s  c rabs .  
A t o t a l  of 60 beam t rawl  tows and 30 hoop-net sets were conducted 
September 9-25 i n  an attempt t o  compare the  r e l a t i v e  abundance of 1975 
year  crabs  between the  nor th  San Francisco Bay-San Pablo Bay complex and 
t h e  nearshore waters  of the  Gulf of the  Faral lones.  
J u v e n i l e  Dungeness c r a b s  of t h e  1975 y e a r  c l a s s  were found a t  a l l  
1 4  s t a t i o n s  sampled w i t h  t h e  except ion  of ill333 (ocean) and #I83  (bay) 
(F igures  5 and 6 ) .  Seven hundred twenty-five c r a b s  were c o l l e c t e d  and 
t h e  c a t c h  (number of c r a b s )  p e r  u n i t  of e f f o r t  (10-min t r awl  tow o r  30- 
min hoop-net s e t )  i s  summarized as fo l lows:  i )  bay s t a t i o n s  - 12.9 
( t r awl )  and 16.5 (hoop-net) and i i )  ocean s t a t i o n s  - 3.2 ( t r a w l )  and 
4.7 (hoop-net) . 
October sampling o f f  t h e  STRIPER 11 c o l l e c t e d  254 1975 y e a r  c l a s s  
c r a b s  a t  1 3  of 15  s t a t i o n s  i n  San Pablo Bay. 
Discuss ion  
La rva l  Stages Very l i t t l e  can  be  concluded y e t  about  t h e  d i s t r i -  
b u t i o n  and r e l a t i v e  abundance o f  c r a b  l a rvae .  Our p lankton  and stomach 
c o n t e n t s  samples y i e lded  no zoea l  s t a g e s .  Occurrences of megalopae were 
l i m i t e d  t o  s i n g l e  specimens found i n  12  p lankton  samples (Table 1 )  and 6 
stomachs (Table 2) .  Only one stomach, t h a t  of a s t a r r y  f lounde r ,  pro- 
duced more (15).  
A l l  bu t  s i x  megalopae w e r e  c o l l e c t e d  a t  s t a t i o n s  o u t s i d e  t h e  Golden 
Gate;  o f  these, two were c o l l e c t e d  underneath t h e  Golden Gate Bridge; 
t h r e e  came from t h e  stomachs of t h r e e  s taghorn  s c u l p i n s  cap tu red  i n  bay 
w a t e r s  (Tables  1 and 2 ) ;  and one megalopa w a s  c o l l e c t e d  by p lankton  n e t  
i n  San Franc isco  Bay. 
J u v e n i l e  S tages  The f i r s t  e a r l y  pos t - l a rva l  i n s t a r  c r a b  t o  appear  
- 
i n  our  c o l l e c t i o n s  was found i n  t h e  stomach of a b i g  s k a t e  captured  
May 8 (Table 4 ) .  Of 72 c r a b s  found i n  f i s h  stomachs, 6 1  were from bay 
s t a t i o n s .  
S i m i l a r l y ,  o f  840 c r a b s  c o l l e c t e d  by t r awl ing ,  a l l  b u t  one ( taken  near  
P t .  Reyes) were from bay s t a t i o n s  (Table 3 ) .  Pos t - l a rva l  i n s t a r  I c r a b s  
were c o l l e c t e d  on ly  twice ,  t h r e e  were found i n  a bottom t r a w l  t aken  
May 1 8  n e a r  Tiburon (bay s t a t i o n )  and one was found i n  t h e  stomach of a 
s t aghorn  s c u l p i n  a l s o  captured  on May 18  a t  a  l o c a t i o n  approximately 6 
m i l e s  n o r t h  of t h e  Tiburon s t a t i o n  (Tables  3 and 4 ) .  J u v e n i l e  c r a b s  were 
appear ing  i n  q u a n t i t y  throughout t h e  n o r t h  San Franc isco  Bay-San Pablo 
Bay complex by June;  such a s i t u a t i o n  d i d  n o t  e x i s t  f o r  s t a t i o n s  examined 
i n  t h e  Gulf of t h e  Fa ra l lones  (Tables  3 and 4) .  
It appea r s  t h a t  a t  some t ime between t h e  megalopa s t a g e  and t h e  
f i r s t  o r  second pos t - l a rva l  i n s t a r ,  t h e  Dungeness c r a b  moves o r  is moved 
i n t o  t h e  n o r t h  San Francisco Bay-San Pablo Bay complex i n  q u a n t i t y .  A 
v e r y  i n t e r e s t i n g  cons ide ra t ion  i n  t h e  de te rmina t ion  of t h e  d i s t r i b u t i o n  
of j u v e n i l e  c r a b s  i s  t h e  p o s s i b l e  e f f e c t  of water  c i r c u l a t i o n  on t h i s  
movement. The United S t a t e s  Geologica l  Survey r e s e a r c h  group a t  Menlo 
Park has  r epo r t ed  t h a t  March-April movement of near  bottom c u r r e n t s  of 
t h e  Gulf of t h e  Fa ra l lones  and San Franc isco  Bay en t r ance  t r a n s p o r t  sea- 
bed d r i f t e r s  from t h e  ocean through t h e  Golden Gate t o  e a s t e r n  San Pablo 
Bay (McCulloch, e t  a l .  1970). It may be t h a t  t h e  more dense wa te r s  of 
t h e  nea r  bottom c u r r e n t s  t r a n s p o r t  c r a b s  i n t o  t h e  bay system a t  the  t ime 
of o r  soon a f t e r  metamorphosis of megalopae t o  t h e  c r a b  s t a g e .  
The d i s t r i b u t i o n  of megalopae and e a r l y  pos t - l a rva l  i n s t a r  c r a b s  a s  
evidenced by our  s p r i n g  f i e l d  ope ra t ions ;  t h e  low inc idence  of c r a b s  of 
t h e  year  i n  many r e sea rch  t r a w l s  i n  t h e  Gulf of t h e  F a r a l l o n e s  over  20 o r  
more y e a r s  wh i l e  smal l  c r a b s  were r e l a t i v e l y  abundant i n  t h e  shal lows of 
Bodega Bay; t he  abundance of c r a b s  of t he  year  i n  hoop-net sets i n  the bay 
system over  t h e  l a s t  5 y e a r s ;  a l l  t h e s e  f a c t o r s  coupled wi th  mark-recapture 
d a t a  l e d  u s  t o  a t tempt  an  assessment  of t h e  importance of t h e  San Franc isco  
Bay-San Pablo Bay complex a s  a  nu r se ry  ground and as a source  of r e c r u i t -  
ment to t h e  commercial s tocks .  Data from our  September c r u i s e  i n d i c a t e  
t h a t  t h e  c r ab  c a t c h  pe r  u n i t  of e f f o r t  i s  3 t o  4 t imes g r e a t e r  i n  t h e  bay 
system than  it was i n  t h e  nea r sho re  wa te r s  of t h e  Gulf of t h e  Fa ra l lones .  
I f  we make b a s i c  assumptions t h a t  t h e  j u v e n i l e  c r a b s  were spread o u t  over  
approximately equa l  a r e a s  and t h e  e f f o r t  expended i n  ca t ch ing  t h e  c r a b s  
was uniform then  w e  conclude t h a t  t h e  n o r t h  San Franc isco  Bay-San Pablo 
Bay complex provides  n e a r l y  80% of t h e  r e c r u i t s  t o  commercial s t o c k s  i n  
t h e  Gulf of t h e  Fa ra l lones .  
P r e d a t o r s  and P reda t ion  
M a t e r i a l s  and Methods 
The gear  used t o  c o l l e c t  f i s h  stomachs and t h e  methods employed i n  
t h e  a n a l y s i s  of t h e i r  c o n t e n t s h a v e b e e n  desc r ibed  previous ly .  Some 
a d d i t i o n a l  e f f o r t  was d i r e c t e d  toward procur ing  s i l v e r  and k i n g  salmon, 
Oncorhynehus kisutch and 0. tshawytscha, and i n v e s t i g a t i n g  t h e i r  stomach 
c o n t e n t s .  W e  were a b l e  t o  c o l l e c t  two salmon by t r o l l i n g  between s t a t i o n s  
i n  t h e  Gulf .  Eight  salmon stomachs were obta ined  from a commercial f i s h e r -  
man. 
R e s u l t s  
The fo l lowing  f i s h e s  ( l i s t e d  i n  o r d e r  a£ importance) were d iscovered  
t o  be  p r e d a t o r s  on Dungeness c r a b  megalopae and j u v e n i l e s :  s t aghorn  
s c u l p i n ,  s t a r r y  f lounde r ,  b i g  s k a t e ,  brown smoothhound, r e x  s o l e ,  wh i t e  
c roake r ,  cabezon, green s turgeon,  and r u b b e r l i p  su r fpe rch .  I n  Gulf s t a -  
t i o n s ,  Dungeness c r ab  ranked 1 5 t h  i n  frequency of occurrence  i n  stomach 
c o n t e n t s  behind numerous polychaete  spec i e s ;  sand d o l l a r ,  Dendras t e r  
e x c e n t r i c u s ,  j u v e n i l e s ;  v a r i o u s  f i s h  spec i e s ;  gammarid amphipods; v a r i o u s  
b i v a l v e  s p e c i e s ;  p innother id  megalopae; t h e  euphausid, Euphausia pacifica; 
t h e  b l a c k t a i l e d  bay shrimp, Crangon n igr icauda;  and pea c r a b s ,  P i n n k i a  
sp .  A t  our  bay s t a t i o n s ,  Dungeness c r a b  ranked 5 t h  i n  frequency of occur- 
r ence  behind b l a c k t a i l e d  bay shrimp; Franc iscan  bay shrimp, Crangon 
f r a n c i s c o r n ;  t h e  s o f t s h e l l  clam, Mya a r e n a r i a ;  and t h e  r ibbed  ho r se  
mussel ,  Ischadium demissum. 
Discuss ion  
I n s u f f i c i e n t  d a t a  have been c o l l e c t e d  t o  draw any conclus ions  regard-  
i n g  which i f  any organisms depend on Dungeness c r ab  a s  a major food source  
o r  what t h e  e f f e c t s  of p reda t ion  may be  on c rab  popula t ion  numbers. No 
c r a b  zoeae were encountered i n  any stomach samples examined. 
Cooperat ive p r o j e c t s  wi th  t h e  Anadromous F i s h e r i e s  Branch and t h e  
Bay-Delta F i s h e r y  P r o j e c t  have been i n i t i a t e d  wi th  a g o a l  of ob ta in ing  
cons ide rab le  numbers of salmon and s t r i p e d  bas s ,  Morone saxatilis, 
stomachs f o r  a n a l y s i s .  We expect  t o  cont inue  procur ing  a r e p r e s e n t a t i v e  
sample of f i s h  stomachs from 1976 f i e l d  ope ra t ions .  
S p o r t f i s h i n g  
S p o r t f i s h i n g  f o r  Dungeness c r a b  i n  San Franc isco  Bay h a s  been a 
ma t t e r  of concern f o r  sometime. Is t h e  number of c r a b s ,  narrower than  
t h e  l e g a l  s i z e  l i m i t  of 159 mrn (6.25 inches ) ,  n o t  r e tu rned  t o  t h e  water  
a f t e r  c a p t u r e  s u f f i c i e n t l y  g r e a t  t o  have a s u b s t a n t i a l  impact on r e c r u i t -  
ment t o  commercial s tocks?  
We placed an observer  on four  heav i ly  f i shed  p i e r s  i n  the  San 
Francisco a rea :  For t  Baker, For t  Point ,  Municipal,  and Berkeley, f o r  20 
days (Mar 11 t o  May 18) ih an at tempt t o  a s s e s s  t h i s  impact. The survey 
was no t  of s u f f i c i e n t  scope t o  produce s t a t i s t i c a l l y  r e l i a b l e  numbers b u t  
i ts  goal  was t o  improve our knowledge of t h i s  s i t u a t i o n .  An obvious 
example of r e t e n t i o n  of s h o r t  c rabs  reported was t h a t  of an  ind iv idua l  
f i s h i n g  o f f  municipal p i e r  with two n e t s  (on a  day when a s  many a s  32 n e t s  
were i n  the  water a t  one time) who re ta ined  17  s h o r t  c rabs .  W e  do no t  
conclude t h a t  t h i s  observat ion  i s  n e c e s s a r i l y  r e p r e s e n t a t i v e  of a l l  spor t -  
f i s h i n g  a c t i v i t y  of f  these  p i e r s ,  on the  con t ra ry ,  fishermen were a l s o  
observed re tu rn ing  s h o r t  c rabs  t o  t h e  water; however, these  observat ions  
have increased our f e e l i n g s  t h a t  s p o r t f i s h i n g  may have s i g n i f i c a n t  impact 
on recrui tment  and t h e r e f o r e  warrants  an extens ive ,  s t a t i s t i c a l l y  r e l i a b l e  
survey over t h e  e n t i r e  f i s h i n g  season. We f e e l  t h a t  6 t o  9 months 
seasonal  a i d  time would be  s u f f i c i e n t  t o  conduct t h i s  survey. 
4 /  Genetic  S t ruc tu re  of Dungeness Crab- 
Management of spec ies  is made e a s i e r  when populat ion s t r u c t u r e  i s  
known. I n  r ecen t  years ,  e l ec t rophores i s  has  become a va luab le  t o o l  f o r  
determining populat ion s t r u c t u r e  of n a t u r a l  populat ions.  Elec t rophores is  
permi ts  u s  t o  survey r o u t i n e l y  t h e  v a r i a b i l i t y  and geographic d i s t r i b u t i o n  
of gene products  (prote ins)  f o r  20 t o  40 gene l o c i .  It i s  n o t  unreason- 
a b l e  t o  assume t h a t  a  sample of t h i s  many genes is f a i r l y  r e p r e s e n t a t i v e  
4 / ~ o r t i o n s  of t h i s  sec t ion  have been removed whole o r  i n  p a r t  from a  f i n a l  
- 
r e p o r t  on i n i t i a l  i n v e s t i g a t i o n s  i n t o  the  gene t i c  s t r u c t u r e  of Dungeness 
c rab  by Michael Soule, a s  s t i p u l a t e d  i n  t h e  terms of c o n t r a c t  S-1364 
between the  Department of F i sh  and Game and the  Univers i ty  of Ca l i fo rn ia .  
of a l l  t h e  genes i n  t h e  spec i e s  t h a t  code f o r  enzymes and o t h e r  p r o t e i n s .  
Because of t h i s  t e c h n i c a l  advance, i t  i s  r a t h e r  s t r a i g h t f o r w a r d  t o  d e t e r -  
mine i f  a s p e c i e s  i s  a s i n g l e  i n t e rb reed ing  u n i t ,  o r  i f  i t  is  subdivided 
i n t o  p a r t i a l l y  o r  completely i s o l a t e d  breeding u n i t s .  
One g e n e r a l i z a t i o n  t h a t  has  emerged from e l e c t r o p h o r e t i c  s t u d i e s  i s  
t h a t  s p e c i e s  w i t h  e f f i c i e n t  long range d i s p e r s a l  have v e r y  s i m i l a r  gene 
f r equenc ie s ,  whereas non-vagile,  s eden ta ry  forms a r e  u s u a l l y  s i g n i f i c a n t l y  
d i f f e r e n t  from one l o c a l i t y  t o  t h e  next .  Because of t h e  v e r y  long l a r v a l  
phase of Dungeness c r ab  and t h e  complex c u r r e n t s  of t h e  n o r t h e a s t e r n  
P a c i f i c ,  we expected t o  f i n d  t h a t  Dungeness c r ab  would f i t  t h e  v a g i l e  
model. Thus, t h e  Department of F i s h  and Game c o n t r a c t e d  wi th  t h e  Univer- 
s i t y  of C a l i f o r n i a  a t . S a n  Diego (UCSD) t o  conduct a n  e l e c t r o p h o r e t i c  tis- 
sue  s tudy  of  P a c i f i c  c o a s t  Dungeness c r ab  s tocks  under t h e  d i r e c t i o n  of 
Michael Soule. 
Methods and M a t e r i a l s  
Crabs from n i n e  l o c a l i t i e s  were c o l l e c t e d ,  f rozen ,  and shipped t o  UCSD. 
The c o l l e c t i o n  l o c a t i o n s  were a t  Morro Bay; Monterey; Half Moon Bay; Double 
Po in t ;  Crescent  Ci ty ;  Newport, Oregon; Gray's Harbor, Washington; Nanaimo, 
B r i t i s h  Columbia; and Kodiak Is., Alaska (Table 5 ) .  A t  UCSD t h e  c r a b s  w e r e  
thawed i n  smal l  groups and processed.  
A r e f e rence  sample of 60 c r a b s  had been examined e a r l i e r  t o  survey  
t h e  d i f f e r e n t  t i s s u e s ,  b u f f e r  systems, s t a i n s ,  and g e l s  t o  o b t a i n  t h e  b e s t  
combination f o r  r e l i a b l e  "reading". 
Resu l t s  
An e s t e r a s e  locus ,  e a s i l y  ob ta inab le  from h e a r t  muscle and hepato- 
pancreas t i s s u e ,  showed t h e  b e s t  e l e c t r o p h o r e t i c  v a r i a t i o n  f o r  s tudy .  
The genotype f r equenc ie s  f o r  t h e  homozygotes and he t e rozygo te s  were 
e s t a b l i s h e d  f o r  each l o c a t i o n  and t h e  he te rozygote  f r equenc ie s  were com- 
pared t o  expected f r equenc ie s  (Table 5) .  
TABLE 5. Esterase Frequencies in Nine Populations of Dungeness Crab. 
Genotype "Allele" 
frequencies frequencies Heterozygotes 
N SS SF FF* S F O/E+ 
Alaska 30 10 13 4 .55 .45 13/15 
British Columbia 30 14 12 4 .66 .33 12/14 
Washlngton 3 0 18 11 1 .78 .21 11/10 
Oregon 3 1 13 12 6 .61 .39 12/15 
Crescent City 30 16 9 5 .68 .31 9/13 . 
Double Point 39 31 6 2 .87 .13 619 
Half Hoon Bay 33 15 13 5 .65 .35 13/15 
Monterey 36 16 16 4 .67 .33 16/16 
Morro Bay 30 20 7 3 -78 .22 7/10 
* S = slow band; F = fast band 
+ observed/expected 
The most s t r i k i n g  f e a t u r e  of t h e s e  d a t a  is  t h e  absence of a c o n s i s t e n t  
l a t i t u d i n a l  c l i n e  i n  f r equenc ie s  and of geographic v a r i a t i o n .  Seven o u t  
of t h e  n i n e  popula t ions  have a  sho r t age  of he te rozygotes .  One probable  
exp lana t ion  of t h i s  i s  t h e  d i f f i c u l t y  we o f t e n  encountered i n  d i s t i n g u i s h -  
i n g  he terozygotes  from homozygotes f o r  t he  slow a l l e l e .  Other  explana- 
t i o n s  a r e  a t  hand as w e l l ,  and t h e s e  a r e  o f t e n  appealed t o  i n  t h e  l i t e r a -  
t u r e .  One is  t h e  Wahlund e f f e c t ,  t h e  r e s u l t  of mixing ( n a t u r a l  o r  
o therwise)  i n d i v i d u a l s  from semi-isolated popula t ions .  Another e x p l a n a t i o n  
i s  s e l e c t i o n  a g a i n s t  he te rozygotes .  I n  any c a s e ,  t h e  e f f e c t  is n o t  g r e a t  
enough t o  a f f e c t  our  conclus ions .  
Discussion 
The Dungeness crab has very low levels of electrophoretic variation. 
Hedgecock and Nelson, University of California's (Berkeley) Bodega Bay 
Marine Laboratory, (personal comunication) have found that other Pacific 
coast crustacea share this characteristic. Whereas most invertebrates 
have heterozygosities between 0.10 to 0.20, the crabs appear to have less 
than 0.05. 
For the purposes of this study, the low level of variability is 
unfortunate because it means that we must base all our conclusions on only 
one presumed genetic system. This is not as bad as it may appear though. 
Nonspecific esterase loci tend to be the most variable geographically of 
all such enzymatic systems. We have found with fish and reptiles that 
esterase frequencies can shift significantly over distances of a hundred 
miles or less; often allelic replacements can occur over such distances. 
So, it is our opinion that the uniformity of frequencies over the 
range of the Dungeness crab is probably not an accident of sampling; and, 
just because it is an esterase locus, we would speculate that the uniform- 
ity is not attributable to homogeneous natural selection. First, selec- 
tion is not likely to be the same in such distant localities as those 
sampled. Second, as mentioned above, esterases are usually the most 
labile loci geographically, often manifesting patterns interpretable under 
the neutral allele model. 
To date, the kind of pattern observed for the esterase in the 
Dungeness crab has only been observed in species with excellent dispersal 
mechanisms. We theref ore suggest that gene flow in Dungeness crab is 
sufficient to prevent local genetic differentiation of populations. We 
find no evidence for semi-isolated breeding units in this species range. 
The 30 c r a b s  o r  60 al leles examined from each l o c a t i o n  w a s  s u f f i c i e n t  
t o  d e t e c t  gene frequency d i f f e r e n c e s  of 35% o r  g r e a t e r .  Although an  
. 
unusual  l e v e l  of gene frequency e x i s t s  over  such a l a r g e  range ,  conc lus ive  
evidence a g a i n s t  he t e rogene i ty  should come from d e t e c t i o n  of gene frequency 
d i f f e r e n c e s  5% o r  g r e a t e r ;  however, such d e t e c t i o n  r e q u i r e s  sample s i z e s  
approaching 2000 a l l e l e s .  Consequently, we have con t r ac t ed  t o  examine j u s t  
two popula t ions  a t  t h i s  l e v e l .  A r e f e r e n c e  sample of 1000 c r a b s  from 
San Pablo Bay and a sample of n e a r l y  800 c r a b s  from Humboldt Bay were 
shipped t o  UCSD i n  October and process ing  has  begun. 
Growth Rates  of J u v e n i l e  Crabs 
M a t e r i a l s  and Methods 
Monthly c o l l e c t i o n s  of c r a b s  have been made i n  San F ranc i sco  and 
San Pablo Bays from J u l y  1970 by a v a r i e t y  of  methods. Hoop n e t s  were 
t h e  most commonly used sampling device  a long  w i t h  a 16 - f t  o t t e r  t r a w l  and 
a n  8 - f t  beam t rawl .  Dungeness c r a b s  were a l s o  obta ined  from commercial 
bay shrimp, Crangon spp . ,  f ishermen who use  1 8 - f t  beam t r a w l  n e t s .  
Sex was determined f o r  c r a b s  c o l l e c t e d  and width was measured t o  t h e  
n e a r e s t  m i l l i m e t e r  j u s t  a n t e r i o r  t o  t h e  1 0 t h  a n t e r o - l a t e r a l  s p i n e s .  Width 
f r equenc ie s  were summarized and p l o t t e d  f o r  each month from J u l y  1970 t o  
J u l y  1972 (F igure  8).  
I n s t a r  s i z e s  of male c r a b s  were c a l c u l a t e d  from t h e  mol t s  of c r a b s  i n  
t h e  c e n t r a l  C a l i f o r n i a  a r e a .  Females were n o t  used due t o  i n s u f f i c i e n t  
a v a i l a b i l i t y  of molt ing r eco rds .  Data on c r a b  mol t ing  i n  C a l i f o r n i a  came 
from s e v e r a l  sources :  r e t u r n  of tagged c r a b s  which molted once p r i o r  t o  
r e c a p t u r e ,  f i e l d  obse rva t ions  of c r a b s  t h a t  molted s h o r t l y  a f t e r  be ing  
caught ,  t rapped s o f t  s h e l l  c r a b s  t h a t  can  be  matched wi th  c a s t  s h e l l s ,  and 

c r a b s  t h a t  were captured  near  molt ing and h e l d  i n  t h e  l a b o r a t o r y  f o r  a  
few days u n t i l  e cdys i s  occurred.  
Crabs were aged by superimposing c a l c u l a t e d  p o s t - l a r v a l  i n s t a r  s i z e s  
on carapace  wid th  frequeccy d i s t r i b u t i o n s .  
During 1971 and 1972 Dungeness c r a b s  were tagged i n  San Franc isco  
and San Pablo Bays. F loy  FT-4 s p a g h e t t i  t a g s  were used i n  1971, Floy 
FD-67 anchor t a g s  i n  1972. An FD-67 tagging  gun was used t o  i n s e r t  t h e  
anchor t ags .  
R e s u l t s  
Carapace width of 133  c r a b s  be fo re  mol t ing  was p l o t t e d  a g a i n s t  cara-  
pace width a f t e r  mol t ing  and two l i n e s  f i t t e d  by l e a s t  squares  (Figure 9) .  
The two l i n e s  i n t e r s e c t  a t  107.5 mm (4.2 i nches )  width b e f o r e  molt ing.  
Pos t - l a rva l  i n s t a r  s i z e s  were c a l c u l a t e d  us ing  t h e  fo l lowing  formulas: 
For males less than  100 mm (3.9 inches) :  
X i+l = 1.0529 + 1.2233 xi, 
and f o r  males g r e a t e r  than  100 mm (3.9 inches) :  
X i-l-1 
= 19.532 + 1.0515 xi 
where x i s  t h e  wid th  i n  mm of t h e  i th i n s t a r .  i 
The 4 t h  p o s t - l a r v a l  i n s t a r  a t  a  carapace  width of 18.4 mm (0.7 inches)  
(Table 0)  w a s  used a s  a  s t a r t i n g  p o i n t  t o  c a l c u l a t e  t h e  o t h e r  i n s t a r  s i z e s .  
The f i r s t  pos t - l a rva l  i n s t a r  carapace  wid th  of 7 .3  mm (0.3 i nches )  i s  from 
f i e l d  obse rva t ions  r a t h e r  than c a l c u l a t i o n s .  
The average  s i z e  of male c r a b s  i n  t h e  n o r t h  San F ranc i sco  Bay-San 
Pablo Bay complex when 1 year  o ld  was found t o  be approximately 100 mm 
(3.9 inches)  (Figure 8 ) . 
WIDTH BEFORE MOLTING (mm)  
FIGURE 9. Growth pe r  molt of male Dungeness c r a b s  with l i n e s  f i t t e d  by 
l e a s t  squares. 
TABLE 6. Comparison of Computed Widths Made Anterior to the 10th Antero- 
lateral Spines of Male Dungeness Crab Post-larval Instars. 
Crab Carapace Width (mm) 
Instar Central Queen Charlotte 
number California Washington* Island* 
* Data for Washington and Queen Charlotte Island, British Columbia from 
Butler (1961). 
The r e s u l t s  of t h e  tagging  s t u d i e s  n o t  on ly  y i e lded  growth informa- 
t i o n  used i n  c a l c u l a t i n g  i n s t a r  s i z e s ,  i t  a l s o  demonstrated t h a t  t h e  v a s t  
m a j o r i t y  of c r a b s  mig ra t e  from San Franc isco  and San Pablo Bays t o  t h e  
ocean a t  about  1-112 y e a r s  of age.  There were 1,105 c r a b s  tagged du r ing  
1971 i n  San Franc isco  and San Pablo Bays, w h i l e  3,081 were tagged i n  1972. 
None of t h e  4,186 tagged c rabs  were r ecap tu red  i n  t h e  hays a f t e r  a t  l e a s t  
a 90-day l a p s e ,  whereas 50 were caught i n  t h e  Gulf of t h e  Fa ra l lones .  
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A f t e r  September few c r a b s  o t h e r  t han  c r a b s  of t h e  year  are found i n  
t h e  bays. 
Discuss ion  
There is  l i t t l e  apparent  d i f f e r e n c e  i n  growth between t h e  d i f f e r e n t  
sou rces  of  mol t ing  d a t a ,  so  they  a r e  considered toge the r .  Although numer- 
ous  mol t s  of l a b o r a t o r y  he ld  c r a b s  were observed and recorded they  have 
n o t  been cons idered  h e r e  because t h e  i n c r e a s e  pe r  molt  w e s  no ted  t o  b e  
c o n s i s t e n t l y  less than  t h e  growth informat ion  obta ined  from o t h e r  sources .  
An a b r u p t  change i n  t h e  growth rate i s  i n d i c a t e d  by t h e  p o i n t  of 
i n t e r s e c t i o n  r e s u l t i n g  from t h e  p l o t t i n g  of t h e  carapace  wid ths  be fo re  and 
a f t e r  molt ing.  This  change i n  growth r a t e  corresponds w e l l  w i t h  t h e  o n s e t  
of s exua l  ma tu r i t y .  The i n t e r s e c t i o n  of t h e  two l i n e s  a t  107.5 mm (4.2 
i nches )  a g r e e s  w e l l  w i t h  t h e  f a c t  t h a t  i n  C a l i f o r n i a  a l l  examined m a l e  
Dungeness c r a b s  g r e a t e r  than  122 mm (4.8 inches)  were s e x u a l l y  mature 
wh i l e  none l e s s  t han  93 mm (3.7 i nches )  were found t o  have mature spennato- 
phores  (Poole 1967). Bu t l e r  (1961) working i n  Queen C h a r l o t t e  Sound found 
a p o i n t  of i n t e r s e c t i o n  a t  108.2 nun (4.3 i nches ) ,  wh i l e  C leave r ' s  d a t a  from 
Washington showed t h e  p o i n t  a t  100.2 mm (3.9 i nches ) .  Af t e r  cons ide r ing  
a l l  t h e s e  f a c t s  i t  seems s a f e  t o  s ay  t h a t  t h e  growth r a t e  changes a t  o r  
n e a r  s exua l  ma tu r i t y .  
Growth rates and increments f o r  t h e  Dungeness c r ab  have been i n v e s t i -  
ga ted  i n  B r i t i s h  Columbia by Bu t l e r  (1961) and i n  Washington by Cleaver  
(1949). Measurements of carapace  wid ths  r epo r t ed  by t h e s e  a u t h o r s  were 
converted t o  exclude sp ines  f o r  comparison wi th  t h e s e  growth s t u d i e s  u s ing  
t h e  formula x = + 0'029 where x i s  equal  t o  t h e  carapace  width i n  mm 1.0715 
exc lus ive  of s p i n e s  and y i s  equal  t o  t h e  carapace  wid th  inc lud ing  t h e  
1 0 t h  a n t e r o - l a t e r a l  sp ines .  
The computed p o s t - l a r v a l  i n s t a r  s i z e s  f o r  San Franc isco  and San Pablo 
Bays and t h e  Gulf of t h e  F a r a l l o n e s  d i f f e r  v e r y  l i t t l e  from t h e  o t h e r  
s tudy  a r e a s .  Comparison w i t h  Poole (1967) w a s  n o t  made because h i s  fo r -  
mulas used f o r  computing i n s t a r  s i z e s  were i n  e r r o r .  Poo le ' s  i n s t a r  s i z e s  
can be  assumed t o  b e  t h e  same as those  found i n  t h i s  s tudy  because  many of 
t h e  mol t ing  r e c o r d s  w e r e  from t h e  same i n d i v i d u a l s .  
I n  an a t t empt  t o  estimate age  by superimposing c a l c u l a t e d ' i n s t a r  
s i z e s  on carapace  wid th  frequency d i s t r i b u t i o n s ,  a v e r y  d i f f i c u l t  problem 
i s  encountered. A f t e r  t h e  f i r s t  s i x  o r  seven p o s t - l a r v a l  i n s t a r s ,  t h e  
width f r equenc ie s  s t a r t  t o  run  toge the r  s o  much t h a t  i t  i s  d i f f i c u l t  t o  
t e l l  wi th  any accuracy  what i n s t a r  a c r a b  o r  group of c r a b s  i s  i n .  Gross 
assumptions about  age  a t  a g iven  s i z e  can be  made however. 
Dungeness c r a b s  l e a v e  t h e  n o r t h  San Franc isco  Bay-San Pablo Bay com- 
p l e x  a t  about  1-1/2 y e a r s  of age  and because of t h i s ,  comparisons wi th  
o t h e r  a r e a s  a r e  made a t  t h e  age of 1 year .  I n  B r i t i s h  Columbia, Bu t l e r  
(1961) found t h a t  m a l e  c r a b s  reached t h e  s i x t h  pos t - l a rva l  i n s t a r  a t  
29.1 mm (1.1 inches)  a t  t h e  end of t h e i r  f i r s t  yea r  and t h a t  t hey  reached 
t h e  1 2 t h  i n s t a r  a t  111.5 mm (4.4 inches )  a t  t h e  age  of 2. Th i s  i s  s i m i l a r  
t o  t h e  growth r a t e  as found by Cleaver  (1949) i n  Washington. He concluded 
t h a t  a f t e r  1 yea r  a width  of 30 mm (1.2 i nches )  was reached and t h a t  a f t e r  
2 y e a r s  a s i z e  of 95 mm (3.7 i nches )  was a t t a i n e d .  Poole  (1967) found 
t h a t  a t  t h e  age of 1 year  male c r a b s  from Bodega Bay had a mean s i z e  of 
45 mm (1.8 inches )  and a t  t h e  end of 2 y e a r s  had a mean s i z e  of 130 mm 
(5.1 i nches ) .  Over a 5-year per iod  t h e  average  s i z e  a t  1 y e a r  i n  t h e  
n o r t h  Sari Franc isco  Bay-San Pablo Bay complex ranged from a low of 87 mrn 
(3.4 inches)  t o  a h igh  of 105 mm (4.1 i nches )  w i th  4 of t h e  y e a r s  over  
102 mm (4.0 inches) .  
Because of  t h e  migra tory  h a b i t s  p rev ious ly  mentioned we are sure t h a t  
we are d e a l i n g  w i t h  a  s i n g l e  year  c l a s s  and t h a t  t h e  l a r g e r  s i z e  of male 
c r a b s  a t  1 year  of age  when compared t o  o t h e r  a r e a s  is  t r u l y  r ep re sen ta -  
t i v e  of t h e  l o c a l  popula t ion .  
CRAB ENVIRONMENT PROJECT STUDIES 
Dungeness c r a b  environment s t u d i e s  were i n i t i a t e d  t o  i n v e s t i g a t e  
n a t u r a l  and man-caused changes o r  c y c l e s  i n  t h e  environment which could 
cause  o r  c o n t r i b u t e  t o  t h e  long-term d e c l i n e  i n  t h e  San Franc isco  a r e a  
c r ab  popula t ion  and r e s u l t a n t  low landings .  
Coastwide Dungeness c r ab  l and ings  have f l u c t u a t e d  widely b u t  w i th  
somewhat synchronous ups and downs from n o r t h e r n  C a l i f o r n i a  through 
Washington (F igure  1 0 ) .  These synchronous t r e n d s  sugges t  t h a t  widespread 
oceanographic o r  o t h e r  n a t u r a l  f a c t o r s  a r e  involved wh i l e  t h e  San Franc isco  
a r e a  s i t u a t i o n  may be  r e l a t e d  t o  man-caused and ( o r )  n a t u r a l  f a c t o r s .  
The o b j e c t i v e s  of t h e  environmental  s t u d i e s  a r e  t o  i d e n t i f y  n a t u r a l  
o r  man-caused f a c t o r s  i n  t h e  environment which a r e  r e s p o n s i b l e  f o r  t h e  
long-term d e c l i n e  i n  San Franc isco  a r e a  Dungeness c r ab  l and ings  and t o  
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i d e n t i f y  causes  of f l u c t u a t i o n s  i n  coastwide c r a b  landings  t o  b e t t e r  under- 
s tand  t h e  San Franc isco  a r e a  problem and t o  d e f i n e  opt imal  c o n d i t i o n s  f o r  
c r ab  product ion.  
For convenience, t h e  r e s e a r c h  w a s  d iv ided  i n t o  two major s u b u n i t s ,  
oceanographic f a c t o r s  and environmental t o x i c a n t s .  A three-phase approach 
was designed f o r  each u n i t  as fo l lows:  i )  d a t a  c o l l e c t i o n  inc lud ing  lit- 
e r a t u r e  review, h i s t o r i c a l  d a t a  and f i e l d  sampling; i i )  l a b o r a t o r y  expe r i -  
ments; and i i i )  d a t a  a n a l y s i s .  
Oceanographic F a c t o r s  
Data C o l l e c t i o n  
L i t e r a t u r e  Review I n i t i a l l y ,  a l i t e r a t u r e  search  was made f o r  d a t a  
sou rces  and p e r t i n e n t  r e sea rch  papers  on Dungeness c r ab  b io logy  and r e l a t e d  
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FIGURE 10. ~ u n ~ e n e s s  c r a b  landings  by season,  1954-55 
tllrough 1974-75. ~ l a s k a n  and B r i t i s h  Columbia 
seasons a r e  ca lendar  y e a r s ,  i . e . ,  1954-55 = 
1955, e t c .  
organisms, crab fishery information, and oceanographic and climatalogical 
phenomena particularly in the Dungeness crab's range. Emphasis has been 
placed on compiling data on nearshore ocean and bay temperatures and salin- 
ities, currents, upwelling, sea level and atmospheric pressure, and river 
flows into the ocean and bays. In addition we are researching the litera- 
ture for laboratory experiments on environmental requirements of crabs and 
their responses to changes in the environment. 
The literature search is continuing as additional information is 
needed for data collection and evaluation. 
Sea Surface Temperatures and Salinities Historical sea surface 
temperatures and densities were obtained from U. S. Department of Commerce, 
National Ocean Survey, Rockville, Maryland. Stations throughout the 
Dungeness crab's range with long-term series of data were selected. Mean, 
maximum, and minimum monthly temperatures (OF) and densities (0 ) were 15 
obtained for 12 stations from Avila, California, to Women's Bay, Kodiak 
Island, Alaska (Table 7, Figure 11). 
The data have been stored on computer tapes by the Department's Menlo 
Park Biornetrics Unit. For more convenient use, the data are being pro- 
grammed by this unit for conversion to OC and salinities ('/,,). In addi- 
tion, the Biornetrics Unit has provided us with long-term averages by month 
for each station's series of mean, maximum and minimum temperatures and 
densities so that individual months or years can be compared with the long- 
term average. 
We have made graphs of each series of data and their long-term 
averages for visual comparison by station (Figures 12 and 13). We plan to 
make temperature vs. salinity graphs of each series of data by station to 
look for unusual periods which might be evident by this method. 
TABLE 7. Location, Environment, and Length of Xecoxd of Temperature and 
Density Statlons in the Dungeness Crab Range. 
Length 
Station N. Lat. W. Long. Environment , of record 
California 
Avila 35'10' 120°44' Open coast 1945-1 974 
Pacific Grove 36'37' 121'54' Large open bay 1920-1939 
1941-1974 
SE Farallon Is. 37'42' 123'00' Offshore island 1926-1942 
1955 
1957-1970 
San Francisco 37'48' 12Z028' Bay entrance 1922-1974 
Blunts Reef 40'26' 124'30' Open coast 1923-1941 
i955 
1957-1970 
Crescent City 41'45' 124'12' Karbor 
Washington 
Neah Bay 48'22' 124'37' Small Bay 1936-1974 
Alaska 
Ketchikan 55'20' 131'38' Narrow strait 1922-1974 
Sitka 57'03' . 135'20' Harbor 1943-1974 
Juneau 58"18' 134'25' Head of fiord 1937-1974 
Yakutat 59'33' 139'44' Small bay 1941-1974 
WomenVs'Bay, 1950-1955 
Kodiak 57'43' 152'31' Small bay 1965 
1967-1974 
i45O 140' 135O 
-60' 
- 55O 
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FIGURE 11. Oceanographic shore  s t a t i o n  l o c a t i o n s  f o r  s e a  s u r f a c e  
temperature,  d e n s i t y ,  and sea l e v e l  from C a l i f o r n i a  t o  
Alaska. 
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FIGURE 13. Monthly means of long-term sea  su r face  d e n s i t y  a t  shore s t a t i o n s  from Ca l i fo rn ia  t o  Alaska. 
A l l  of t h e  d a t a  w i l l  be  compared wi th  o t h e r  oceanographic and clima- 
t o l o g i c a l  d a t a  and analyzed by computer programming f o r  t r e n d s ,  c y c l e s  o r  
unusual  p e r i o d s  which w i l l  a l s o  be c o r r e l a t e d  wi th  c r a b  l and ings  and l i f e  
h i s t o r y  phenomena. 
Nearshore Currents  The major nearshore  c u r r e n t s  o f f  t h e  West Coast 
of North America a r e  w e l l  known. However, we have found no sou rce  of con- 
t i nuous  h i s t o r i c a l  nearshore  c u r r e n t  d a t a  f o r  t h i s  a r e a  comparable t o  t h e  
o t h e r  oceanographic s e r i e s  we a r e  compiling. Research on ocean c u r r e n t s  
has  t y p i c a l l y  c o n s i s t e d  of s t u d i e s  of s p e c i f i c  a r e a s  f o r  r e l a t i v e l y  b r i e f  
pe r iods  of t ime.  CalCOFI c r u i s e s  have provided t h e  most comprehensive 
s tudy  of C a l i f o r n i a  c u r r e n t  phenomena, bu t  even t h e s e  have been fragmen- 
t a r y ,  p a r t i c u l a r l y  i n  no r the rn  C a l i f o r n i a ,  Oregon, and Washington due t o  
weather ,  s ea  c o n d i t i o n s ,  v e s s e l  problems, e t c .  Thus, i t  has  n o t  been 
p o s s i b l e  t o  compile a h i s t o r i c a l  s e r i e s  of c u r r e n t  p a t t e r n s  w i t h i n  t h e  
c r a b ' s  range.  
We hope t o  develop h i s t o r i c a l  i n d i c e s  of nea r sho re  ocean c u r r e n t s  
from ana lyses  and c o r r e l a t i o n s  of t h e  o t h e r  oceanographic s e r i e s .  I f  
s u c c e s s f u l ,  t h e s e  can be c o r r e l a t e d  wi th  d a t a  from i n d i v i d u a l  s t u d i e s  and 
c rab  l and ings  and l i f e  h i s t o r y  informat ion .  
Upwelling Ind ices  Nat ional  Marine F i s h e r i e s  Se rv i ce  (NMFS), Monterey, 
suppl ied  u s  w i t h  computer d a t a  decks f o r  computed upwell ing i n d i c e s  f o r  15  
west c o a s t  s t a t i o n s  f o r  t h e  per iod  from 1946 through 1974. Ten of t he  
s t a t i o n s  a r e  w i t h i n  t h e  Dungeness c r a b ' s  range (F igure  1 4 ) .  
The d a t a  a r e  expressed i n  m3 of water  upwelled pe r  100  m (330 f t )  of 
c o a s t l i n e  and a r e  r ep re sen ted  by annual ,  q u a r t e r l y  and monthly means. 
FIGURE 14. Locations of computed upwelling indices (black.triangles) 
from California to Alaska (Bakun 197 ,3 ) .  
These i n d i c e s  r e p r e s e n t  g e n e r a l  upwelling t r ends  over  long s t r e t c h e s  of 
c o a s t l i n e .  They a r e  n o t  intended t o  show l o c a l i z e d  v a r i a t i o n s  o r  p a t t e r n s .  
The Biometr ics  Unit  has  included t h e  d a t a  i n  t h e  oceanographic com- 
pu te r  f i l e  a t  Menlo Park. The Biometr ics  Unit  has  provided u s  w i t h  long- 
term monthly means f o r  each s t a t i o n  and we have prepared graphs of t h e  
means (F igure  15) .  
Bakun (1973) publ ished computer graphs and a d i s c u s s i o n  of t h e  upwell- 
i n g  d a t a  and anomalies f o r  t h e  per iod  1946 through 1971. These graphs pro- 
v i d e  a v i s u a l  comparison by s t a t i o n  and time. These, and t h e  long-term 
average graphs a r e  be ing  used i n  des igning  programs f o r  c o r r e l a t i n g  w i t h  
o t h e r  environmental d a t a ,  c r a b  landings  and l i f e  h i s t o r y  phenomena. 
Sea Level  and Atmospheric P re s su re  NMFS, Monterey, suppl ied  u s  w i th  
computer d a t a  decks, d a t a  p r in t -ou t s  and computer graph p r i n t - o u t s  of s ea  
level  and atmospheric  p r e s s u r e  d a t a  f o r  10  Nat iona l  Ocean Survey t i d e  
gauge s t a t i o n s  from La J o l l a ,  C a l i f o r n i a ,  t o  Kodiak I s l a n d ,  Alaska 
(Figure 11 ) .  
Two s e t s  of d a t a  were provided: s ea  l e v e l  uncorrec ted  f o r  a tmospheric  
p r e s s u r e  ( a l l  1 0  s t a t i o n s )  and sea  l e v e l  co r r ec t ed  f o r  a tmospheric  p r e s s u r e  
( e i g h t  s t a t i o n s  on ly ) .  
The d a t a  decks were given t o  t h e  Biometr ics  Unit  f o r  i n c l u s i o n  i n  t h e  
oceanographic f i l e  f o r  c o r r e l a t i o n  wi th  t h e  o t h e r  oceanographic d a t a  and 
c r a b  l i f e  h i s t o r y  and f i s h e r y  information.  
River  Flow Rates  The amount of r i v e r  runoff  i n t o  bays and ocean 
a f f e c t s  e s t u a r i n e  and nearshore  c i r c u l a t i o n  p a t t e r n s ,  water  tempera tures ,  
and s a l i n i t i e s .  I n  a d d i t i o n ,  r i v e r  water  c a r r i e s  n u t r i e n t s  and environ- 
mental t o x i c a n t s  w i th  it. Because j u v e n i l e  s t a g e s  of Dungeness c r a b s  a r e  

o f t e n  a s s o c i a t e d  w i t h  e s t u a r i e s ,  we a r e  t ak ing  a p re l imina ry  look a t  
s e l e c t e d  h i s t o r i c a l  r i v e r  f low r a t e s  i n  c e n t r a l  and no r the rn  C a l i f o r n i a .  
We have compiled d a t a  on Sacramento River  De l t a  ou t f low r a t e s  
(1921-1974) i n t o  t h e  San Pablo Bay-San Franc isco  Bay system and flow 
r a t e s  i n t o  t h e  ocean f o r  t h e  Smith River  (1950-1974), Klamath River  
(1912-1926, 1951-1971), and Eel  River  (1938-1974). The d a t a  a r e  
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expressed i n  thousands of f t  per  second per  month f o r  t h e  Sacramento 
3 River  De l t a  and i n  f t  per  second pe r  month f o r  t h e  o t h e r  r i v e r s .  
The d a t a  a r e  be ing  computerized by t h e  Biornetrics Uni t  and we a r e  
making graphs  of t h e  d a t a  f o r  des igning  computer c o r r e l a t i o n  programs 
w i t h  o t h e r  d a t a .  
I n d i c e s  of Oceanic Condit ions We p l a n  t o  u s e  t h e  v a r i o u s  oceano- 
graphic  computer f i l e s  t o  a t tempt  t o  develop h i s t o r i c a l  i n d i c e s  of 
oceanographic pe r iods  and c u r r e n t  p a t t e r n s  i n  t h e  nea r sho re  ocean and bay 
environment. I n i t i a l l y  we w i l l  l ook  f o r  c o r r e l a t i o n s  among t h e  v a r i o u s  
s e t s  of d a t a  and then  a t tempt  t o  develop h i s t o r i c a l  i n d i c e s  of o n s e t  
i n t e n s i t y  and d u r a t i o n  of upwell ing,  oceanic  and Davidson c u r r e n t  pe r iods .  
We w i l l  t hen  look  f o r  c o r r e l a t i o n s  w i t h  c r a b  l and ings  and l i f e  h i s t o r y  
phenomena. Th i s  work w i l l  beg in  a s  soon as t h e  v a r i o u s  oceanographic 
f i l e s  are complete; t h i s  should be  by e a r l y  1976. 
F i e l d  Sampling Water temperatures  ( O C )  and s a l i n i t i e s  ( O / , , )  were 
taken  r o u t i n e l y  a t  b i o l o g i c a l  sampling s t a t i o n s  on ou r  r e s e a r c h  c r u i s e s  
i n  t h e  Gulf of t h e  Fa ra l lones  and San Franc isco  and San Pablo Bays du r ing  
t h e  year .  These d a t a  were c o l l e c t e d  v a r i o u s l y  by e l e c t r o n i c  temperature- 
s a l i n i t y  (T-S) probe,  water  c o l l e c t i n g  b o t t l e ,  hydrometer,  and XBT. 
A t  most s t a t i o n  depths  l e s s  than  about  10 m (33 f t )  t h e  e l e c t r o n i c  
T-S probe was used a t  t h e  s u r f a c e  and t h e  bottom except  where mid-depth 
p lankton  tows were made; then  T-S d a t a  were u s u a l l y  obta ined  a t  t h a t  
depth  a l s o .  A t  deeper s t a t i o n s ,  T-S d a t a  were obta ined  a t  dep ths  s i m i l a r  
t o  t hose  a t  which plankton tows were made and a t  t h e  bottom. 
A t  dep ths  g r e a t e r  t han  about  15  m (48 f t ) ,  t h e  water  b o t t l e  ( fo r  
s a l i n i t y  by hydrometer) and XBT ( f o r  temperature)  were used t o  supplement 
t h e  e l e c t r o n i c  T-S probe. 
In  some c a s e s  f o r  comparison, water  c o l l e c t i n g  b o t t l e  samples were 
talcen a t  depths  s i m i l a r  t o  t hose  where e l e c t r o n i c  T-S probe r ead ings  were 
made. The s a l i n i t i e s  of water  b o t t l e  samples were determined by t h e  
U .  S. Geologica l  Survey Laboratory i n  Menlo Park. XBT read ings  provided 
d a t a  f o r  some temperature comparisons wi th  t h e  T-S probe. However, du r ing  
t h e  May c r u i s e ,  t he  XBT malfunct ioned;  it was n o t  used a t  a l l  du r ing  June 
and September. 
During t h e  September c r u i s e ,  no p lankton  tows were made; a l l  s t a t i o n s  
were sha l low and only  s u r f a c e  and bottom measurements were made w i t h  t h e  
e l e c t r o n i c  T-S probe. 
Comparisons of d a t a  from XBT and water  b o t t l e  samples w i t h  e l e c t r o n i c  
T-S r ead ings  made u s  doubt t h e  accuracy of t h e  e l e c t r o n i c  T-S probe. We 
are ana lyz ing  t h e  d a t a  w i t h  t h e  a s s i s t a n c e  of t h e  Biometr ics  Un i t  t o  
de te rmine  t h e i r  u se fu lnes s  f o r  comparison w i t h  b i o l o g i c a l  and o t h e r  ocean- 
ographic  d a t a .  
Laboratory Experiments 
We p l a n  t o  des ign  l a b o r a t o r y  experiments t o  t e s t  hypotheses on e f f e c t s  
of va ry ing  environmental f a c t o r s  on behavior  and s u r v i v a l  of t h e  v a r i o u s  
l i f e  s t a g e s  of Dungeness c r abs .  The hypotheses w i l l  be  developed from 
ana lyses  of oceanographic and c l i m a t o l o g i c a l  d a t a .  
This  work w i l l  b e  done a t  t he  Department 's Marine Cu l tu re  Laboratory 
(MCL) by p r o j e c t  b io log i s t s .  It w i l l  depend upon a supply of a p p r o p r i a t e  
c r ab  l i f e  s t a g e s  produced by MCL b i o l o g i s t s .  
I n  p r e p a r a t i o n  f o r  t h e s e  experiments we have purchased s e v e r a l  spe- 
c i a l i z e d  l a b o r a t o r y  equipment i tems  a s  fo l lows:  
1. High r a t e  seawater  f i l t e r  
2. UV seawater  s t e r i l i z e r  
3. Vanton 3 /4  hp t r a n s f e r  pump 
4. Multi-channel meter ing pump 
5. Seawater c h i l l e r  
6. E ight  f i b e r g l a s s  aqua r i a  
Planning f o r  l a b o r a t o r y  experiments w i l l  beg in  when t h e r e  have been 
s u f f i c i e n t  ana lyses  of oceanographic,  c l i m a t o l o g i c a l  and o t h e r  environ-  
mental d a t a  t o  produce hypotheses on e f f e c t s  of t h e s e  f a c t o r s  on c rab  
behavior  and s u r v i v a l .  We expect  t o  be  a b l e  t o  gene ra t e  some hypotheses 
dur ing  t h e  l a s t  h a l f  of FY 1975-76. 
Data Analys is  
Most of t h e  e f f o r t  so  f a r  has  been placed on compiling d a t a  f o r  t h e  
oceanographic computer f i l e s  and p r e p a r a t i o n  of graphs a s  d a t a  p r i n t - o u t s  
become a v a i l a b l e .  The long-term average graphs of s e a  s u r f a c e  temperature 
and d e n s i t y  and computed upwelling i n d i c e s  (F igures  1 2 ,  13 ,  and 15)  
i n d i c a t e  t h a t  Dungeness c r a b s  e x i s t  i n  a widely va ry ing  environment.  
There a r e  obvious s i m i l a r i t i e s  i n  t h e  graphs from C a l i f o r n i a  t o  Washington 
whi le  t h e  Alaskan oceanographic regime, a l though q u i t e  d i f f e r e n t ,  e x h i b i t s  
cons ide rab le  s i m i l a r i t y  among s t a t i o n s  throughout  t h e  a r ea .  Th i s  may 
e x p l a i n ,  i n  p a r t ,  t h e  synchronous t r e n d s  i n  commercial c r a b  l and ings  from 
C a l i f o r n i a  t o  Washington whi le  B r i t i s h  Columbia and Alaska l a n d i n g s  have 
followed d i f f e r e n t  p a t t e r n s  (F igure  10) .  E x p l o i t a t i o n  r a t e s  and market 
demand may be involved a l s o .  Landings from C a l i f o r n i a  t o  Washington a r e  
thought  t o  r e p r e s e n t  a ve ry  h igh  percentage  of a v a i l a b l e  l e g a l  c r a b s  each 
season and t h u s  a r e  a good i n d i c a t i o n  of t h e  popu la t ion  s i z e .  The low 
l and ings  i n  t h e s e  s t a t e s  i n  t h e  e a r l y  1960's  produced a g r e a t e r  demand f o r  
Alaskan c r a b s ,  which r e s u l t e d  i n  an  i n c r e a s e  i n  t hose  l and ings  (Hoopes 
1973).  
It is  a w e l l  e s t a b l i s h e d  f a c t  t h a t  popu la t ion  numbers f l u c t u a t e  more 
widely a t  t h e  f r i n g e s  of t h e i r  ranges.  San Franc isco ,  Monterey Bay, and 
Avi la  a r e  t h e  most s o u t h e r l y  p o r t s  where Dungeness c r a b s  a r e  landed.  
Crabs i n  t h e s e  a r e a s  would be  expected t o  r e a c t  t o  more s u b t l e  changes i n  
t h e  environment than  i n  more c e n t r a l  p o r t i o n s  of t h e i r  range.  Crabs a l s o  
might b e  more s u s c e p t i b l e  t o  environmental t o x i c a n t s  i n  t hose  a r e a s  a s  
w e l l .  
It is  obvious t h a t  many f a c t o r s  must b e  cons idered  i n  a n  in-depth 
a n a l y s i s  of e f f e c t s  of environmental cond i t i ons  on t h e  v a r i o u s  l i f e  s t a g e s  
of t h e  c r abs .  
Environmental Toxicants  
Nearshore ocean and bay wa te r s  r e c e i v e  a wide v a r i e t y  of p o t e n t i a l l y  
t o x i c  subs tances  p r i m a r i l y  from municipal  and i n d u s t r i a l  e f f l u e n t s ,  a i r -  
borne m a t e r i a l s  and a g r i c u l t u r a l  d ra inage .  This  i s  a p a r t i c u l a r  problem 
where l a r g e  urban and i n d u s t r i a l  c e n t e r s  occur  nea r  t h e  c o a s t  o r  where 
large quantities of agricultural runoff enter bays and the sea. The San 
Francisco Bay system, for example, receives urban wastewater effluent from 
approximately 5 million people. In recent years, an estimated 700 mgd of 
urban effluent has entered the bay system. From 1961 to 1964, this 
included an estimated average daily load of 277 short tons of organic sus- 
pended solids, 61 tons of oil and grease, and 11 tons of heavy metals 
(Pearson, Storrs, and Selleck 1970). 
In addition, agricultural drainage from the great Sacramento-San Joaquin 
Valley eventually enters the river systems in this area which all drain into 
the Sacramento Delta which empties into San Pablo Bay. Pesticides, nutri- 
ents, and silt are carried into the San Francisco Bay system by these waters. 
The flushing action of the San Francisco Bay estuary eventually carries 
environmental toxicants into the nearshore ocean waters. 
Although some studies have been done on levels of trace and major 
elements and pesticides and polychlorinated biphenyls (PCB's) in Dungeness 
crab tissues, effects of municipal effluents on crab larvae, etc., the 
impact of pollution on the Dungeness crab population in the San Francisco 
area, or elsewhere, is virtually unknown. Therefore, we have taken a 
systems approach in attempting to determine effects of pollution on the 
San Francisco area Dungeness crab population. 
Data Collection 
Literature Review The literature review has been directed toward 
data sources and research papers on a variety of environmental toxicants 
including trace and major elements, pesticides and PCB's, petroleum hydro- 
carbons, municipal and industrial effluents, and effects of chlorination 
and biostimulants in these effluents. We have searched specifically for 
papers  d e a l i n g  wi th  l e v e l s  of t o x i c a n t s  i n  marine organisms, b ioas says ,  
and behav io ra l  and phys io log ica l  e f f e c t s  of v a r i o u s  t o x i c a n t s  on c r a b s  
and r e l a t e d  organisms. We have a l s o  looked f o r  evidence of f a c t o r s  which 
have begun, increased  o r  o therwise  changed concurren t  w i th  t h e  d e c l i n e  of 
t h e  Dungeness c r ab  popula t ion .  
Through t h e  l i t e r a t u r e  review and conferences w i th  numerous research-  
e r s ,  w e  have developed a  program of d a t a  c o l l e c t i o n ,  a n a l y s i s ,  and coopera- 
t i o n  wi th  o t h e r  agencies  which w i l l  a l l ow u s  t o  cons ider  a  wide spectrum of 
environmental t o x i c a n t s  and t h e i r  p o s s i b l e  e f f e c t s  on t h e  v a r i o u s  l i f e  
s t a g e s  of Dungeness c r abs .  
We a r e  cont inuing  t h e  l i t e r a t u r e  review a s  a d d i t i o n a l  in format ion  i s  
needed f o r  d a t a  c o l l e c t i o n  and eva lua t ion .  
Trace and Major Elements i n  Crab Tissues  There a r e  few r e p o r t s  on 
l e v e l s  o r  e f f e c t s  of p o t e n t i a l l y  t o x i c  t r a c e  and major elements i n  c r a b s  
o r  r e l a t e d  organisms. There a r e  no h i s t o r i c a l  d a t a  which document t h e s e  
f a c t o r s  when c rab  product ion  was h igh  i n  t h e  San Franc isco  a r e a .  This  i s  
due i n  p a r t  t o  t h e  f a c t  t h a t  much of t h e  technology used i n  t e s t i n g  t i s s u e s  
f o r  t h e s e  elements i s  r e l a t i v e l y  new. Therefore ,  we must a t tempt  t o  evalu- 
a t e  whether p re sen t  l e v e l s  found i n  c r ab  t i s s u e s  a r e  having any s i g n i f i c a n t  
e f f e c t s  on t h e  c r ab  popula t ion .  
I n i t i a l l y ,  we a r e  documenting l e v e l s  of p o t e n t i a l l y  t o x i c  elements i n  
c r ab  eggs, l a r v a e ,  j u v e n i l e s ,  and a d u l t s  from both  t h e  San Franc isco  and 
Eureka a r e a s .  Because t h e  no r the rn  C a l i f o r n i a  c r a b  popula t ion  i s  assumed 
t o  be  hea l thy ,  we a r e  ob ta in ing  p a r a l l e l  samples from t h e  Eureka a r e a  f o r  
comparison wi th  d a t a  from t h e  San Franc isco  a r e a .  
During l a t e  1974 and e a r l y  1975, 400 c rabs  (100 a d u l t s  and 100 juven- 
i l e s  each from San Franc isco  and Eureka a r e a s )  were c o l l e c t e d  f o r  t r a c e  
and major element a n a l y s i s .  Equal numbers of males and females  were co l -  
l e c t e d .  The sample s i z e  was determined s t a t i s t i c a l l y  by t h e  Biometr ics  
Un i t ,  Menlo Park t o  a l l ow f o r  d e t e c t i n g  any s i g n i f i c a n t  d i f f e r e n c e s  between 
t h e  ttro sampling a r e a s .  Marine Resources Region (MRR) Ocean Management 
Un i t s  1 and 3 a s s i s t e d  i n  t h e  c o l l e c t i o n s .  
Samples of f l e s h  and d i g e s t i v e  gland were e x t r a c t e d  from each crab .  
Because of t h e  sma l l  amount of t i s s u e  a v a i l a b l e  i n  t h e  j u v e n i l e s ,  composite 
samples were made from groups of 2 t o  4 j u v e n i l e  c r abs ,  depending on s i z e  
and amount of t i s s u e  p re sen t .  T i s sues  from each c r a b  o r  composite group 
were d iv ided  i n t o  two samples f o r  d i s t r i b u t i o n  t o  Moss Landing Marine 
Labora to r i e s  (NLML) and t h e  Department 's Water P o l l u t i o n  Cont ro l  Laboratory 
(WPCL) . 
Adult  and j u v e n i l e  t i s s u e s  a r e  being t e s t e d  f o r  1 0  p o t e n t i a l l y  t o x i c  
elements  inc luding:  manganese, i r o n ,  copper,  z i n c ,  a r s e n i c ,  selenium, 
cadmium, s i l v e r ,  mercury, and l ead .  hFCL i s  coord ina t ing  t h e  t e s t i n g  f o r  
a r s e n i c ,  selenium, mercury, and lead .  The r e s t  were ass igned  t o  John 
Mar t in ,  MLML, where t h e  l e v e l s  were determined dur ing  work on a n  EPA g r a n t .  
Atomic abso rp t ion  and X-ray f lou rescence  a r e  being used on a d u l t  and 
j u v e n i l e  samples. 
Samples of c r ab  eggs (2 egg masses from t h e  Eureka a r e a  and 5 egg 
masses from t h e  San Franc isco  a r e a )  were t e s t e d  f o r  23 e lements ,  inc luding  
t h e  10 a l r e a d y  mentioned. This  work was done du r ing  November 1975 a t  t h e  
Un ive r s i t y  of C a l i f o r n i a ' s  (Eerkeley)  Lawrence Livermore Laboratory where 
t h e  t i s s u e s  were analyzed by both  X-ray f lou rescence  and neu t ron  a c t i v a -  
t i o n  under t h e  d i r e c t i o n  of David Camp. 
I f  s u f f i c i e n t  q u a n t i t i e s  of c r ab  l a r v a e  a r e  obta ined  du r ing  1976, we 
p l a n  t o  have them t e s t e d  s i m i l a r l y  t o  t h e  c r a b  egg samples. 
R e s u l t s  from c rab  eggs,  j u v e n i l e s ,  and a d u l t s  should a l l  b e  completed 
by February 1976. When a l l  t h e s e  d a t a  a r e  a v a i l a b l e ,  we w i l l  t u r n  them 
over  t o  t h e  Biometr ics  Unit  f o r  s t a t i s t i c a l  comparisons by a r e a ,  s i z e ,  
s ex ,  and l i f e  s t a g e .  
Hydrocarbons i n  Crab Tissuesand Sediments The Bay Area Regional  
Water Qua l i t y  Control  Board e s t i m a t e s  t h a t  10  t o  100 tons  of o i l  and 
g rease  e n t e r  t h e  San Franc isco  Bay System each day. The f a t e  and e f f e c t s  
of hydrocarbons on bay organisms and p a r t i c u l a r l y  on t h e  Dungeness c r a b  
popula t ion  a r e  l a r g e l y  unknown. 
Researchers  a t  t h e  Un ive r s i t y  of C a l i f o r n i a ' s  (Berkeley] Naval 
Biomedical Laboratory,  Oakland, have documented s i g n i f i c a n t l y  h ighe r  
l e v e l s  of hydrocarbons i n  t i s s u e s  of rock  c r a b s ,  Cancer a n t e n n a r i u s ,  and 
bay mussels ,  Myt i lus  e d u l i s ,  from San Franc isco  Bay than  i n  s i m i l a r  sam- 
p l e s  from Tomales Bay, about 40 m i l e s  n o r t h  of San Franc isco  (Louis 
DiSalvo, p e r s .  commun.). 
Laboratory s t u d i e s  on e f f e c t s  of Prudhoe Bay crude  o i l  on Tanner 
c r a b s ,  Chionocetes b a i r d i ,  demonstrate  i n t e r f e r e n c e  w i t h  mol t ing  succes s  
and automatizfng of l imbs on newly molted c r a b s  a t  l e v e l s  which could 
occur  i n  t h e  c r a b s '  environment (Rnrinen and Rice  1974).  
Pre l iminary  s t u d i e s  a t  Auke Ray, Alaska, on o i l  i n  water  w i t h  
Dungeness c r a b  l a r v a e  a r e  r epo r t ed  t o  i n d i c a t e  an LD - 5 0 5 /  a t  1 ppm 
51 Le tha l  dose a t  s.rhich 502 of t h e  organisms are k i l l e d  i n  a  s p e c i f i e d  
- 
amount of t ime. 
(Panitch 1975). LD50's of 1 to 5 ppm are indicated for other shellfish 
larvae. 
We have arranged for the determination of hydrocarbon residues in 
Dungeness crab tissues and sediments through a contract with the Naval 
Biomedical Laboratory. Crab eggs and larvae, juvenile and adult flesh 
and digestive gland, and selected sediments from San Francisco and Eureka 
areas will be tested for total alkane, total aromatic, and polynuclear 
aromatic flourescent hydrocarbons. The study is under the direction of 
Louis DiSalvo. We will supply the crabs. The work began in December 
1975. 
Results of these studies will provide the basis for laboratory bio- 
assays on effects of oil on various life stages of Dungeness crabs. 
Effects of Municipal and Industrial Effluents and Chlorination of 
Effluents The characteristics and effects of municipal and industrial 
pollution in San Francisco Bay have been studied extensively since the 
early 1960's. Volume VIII of "A Comprehensive Study of San Francisco Bay" 
presents the summary, conclusions, and recommendations of a 1960-1964 bay 
pollution study by the University of California's (Berkeley) Sanitary 
Engineering Research Laboratory (SERL) for the State Water Resources 
Control Board (Pearson, Storrs, and Selleck 1970). Subsequently, an 
intensive study of toxicity and biostimulation in San Francisco Bay-Delta 
waters was done for the State Water Resources Control Board by the 
California Department of Water Resources and the California Department of 
Fish and Game in cooperation with SERL. A summary report of this eight- 
volume series presents the conclusions and recommendations of the study 
(Brawn and Beclc 1972).  More r e c e n t l y ,  a . s t u d y  on long- te rn  e f f e c t s  of 
t o x i c a n t s  and b ios t imu lan t s  on t h e  water  of c e n t r a l  San F ranc i sco  Ray was 
r epo r t ed  t o  t h e  S t a t e  Water Resources Cont ro l  Board (Stone, Kaufman, and 
Horne 1973).  
Brown and Beck (1972) s t a t e  t h a t  "Both munic ipa l  and i n d u s t r i a l  
was tes  c o n t a i n  c o n s t i t u e n t s  t h a t  a r e  t o x i c  t o  f i s h  and t h e i r  t o x i c a n t s  can 
be  measured by a p p r o p r i a t e  b ioas say  techniques."  I n  addi t ion ;ch lor ina-  
t i o n  has  been sho\m t o  i n c r e a s e  t h e  t o x i c i t y  of such was tes .  
None of t h e  foregoing  s t u d i e s  has  at tempted t o  determine e f f e c t s  of 
municipal  and i n d u s t r i a l  e f f l u e n t s  on Dungeness c r a b  l i f e  s t a g e s  found i n  
t h e  bay. However, r e s u l t s  of t h e s e  and o t h e r  s t u d i e s  i n d i c a t e  t h a t  t h e s e  
sources  of p o l l u t i o n  must n o t  be overlooked a s  p o s s i b l e  f a c t o r s  i n  t h e  
d e c l i n e  of t h e  c r ab  popula t ion  i n  t h e  San Franc isco  a rea .  It would be 
d i f f i c u l t ,  i f  n o t  imposs ib le ,  t o  undertake a  comprehensive s tudy  of 
e f f e c t s  of municipal  and i n d u s t r i a l  e f f l u e n t s  and c h l o r i n a t i o n  of t h e s e  
e f f l u e n t s  on Dungeness c r a b s  w i t h i n  t h e  framework of ou r  p r o j e c t .  SERL 
h a s  t h e  c a p a b i l i t y  of performing such a s tudy .  Through coord ina t ion  w i t h  
Alexander Horne of SERL, a pre l iminary  proposa l  w a s  submit ted i n  December 
1975 f o r  Sea Grant Funding f o r  a 3 year  s tudy  of t h e s e  f a c t o r s  on t h e  
l i f e  s t a g e s  of Dungeness c r a b s  found i n  t h e  San Franc isco  Bay System. 
Th i s  s tudy ,  whlch would be  coord ina ted  wi th  ou r  Dungeness c r a b  p r o j e c t ,  
would depend upon a  supply  of c r a b s  produced by t h e  Department 's Marine 
Cu l tu re  Laboratory.  
P e s t i c i d e s  and PCB's I n  t h e  last  30 y e a r s ,  a  l a r g e  v a r i e t y  of new 
p e s t i c i d e s  has  been developed and used e x t e n s i v e l y .  The most widely used 
p e s t i c i d e s  have included organophosphorous, carbamate, and po lych lo r ina t ed  
hydrocarbon compounds. Organophosphorous and carbamate compounds inc lude  
such p e s t i c i d e s  a s  malathion,  p a r a t h i o n ,  d i az inon ,  and c a r b a r y l .  Poly- 
c h l o r i n a t e d  hydrocarbon p e s t i c i d e s  i nc lude  DDT, d i e l d r i n ,  end r in ,  l i n d a n e ,  
ch lordane ,  hep tach lo r ,  and o t h e r s .  
The organophosphates and carbamates a r e  a c e t y l c h o l i n e s t e r a s e  -- 
a c t i v i t y  i n h i b i t i n g  p e s t i c i d e s .  These p e s t i c i d e s  a r e  n o t  d i r e c t l y  cumula- 
t i v e  i n  t h e  forin of pa ren t  compounds nor a r e  they a s  p e r s i s t e n t  i n  t h e  
environment a s  t h e  po lych lo r ina t ed  hydrocarbons. The danger of widespread 
environmental  contaminat ion from t h e i r  use  is thought t o  be  sma l l  
(Nicholson 1967).  
Polychlor ina ted  hydrocarbons a r e  no tab ly  p e r s i s t e n t  i n  t h e  environ- 
ment and through t h e  process  of b i o l o g i c a l  magn i f i ca t ion  can accumulate 
i n  t h e  t i s s u e s  of p reda to ry  s p e c i e s  as concen t r a t ions  many thousands of 
t i m e s  g r e a t e r  than  i n  water  o r  sediments.  These compounds have a n  a f f i n i t y  
f o r  f a t t y  t i s s u e s  and a r e  u s u a l l y  found i n  s i g n i f i c a n t l y  h ighe r  l e v e l s  i n  
body f a t ,  l i v e r ,  b r a i n ,  o v a r i e s ,  and eggs than  i n  o t h e r  t i s s u e s .  
DDT, t h e  most widely used p e s t i c i d e  o f  t h e  1950's  and 19601s ,  was 
f e d e r a l l y  banned i n  1972 except  f o r  v e r y  minimal p u b l i c  h e a l t h  u se .  By 
then ,  i t s  u s e  had a l r eady  been p a r t i a l l y  r e s t r i c t e d  i n  C a l i f o r n i a .  Never- 
t h e l e s s ,  John P h i l l i p s  of Hopkins Marine S t a t i o n  (pers .  commun.) r e p o r t s  
t h a t  l e v e l s  of DDT i n  t h e  sediments i n  Monterey Bay a r e  s t i l l  r i s i n g  
s l i g h t l y .  
Seve ra l  r e p o r t s  document l e v e l s  of DDT and its d e r i v a t i v e s  i n  
Dungeness c r a b s  i n  t h e  San Franc isco  a r e a  s i n c e  t h e  l a t e  1960 ' s  (Earnest  
and Benv i l l e  1971; Modin 1969; W i l l i s  1970; James Rote,  former ly  of 
Hopkins Marine S t a t i o n ,  pe r s .  commun.). Comparison of t he  r e s u l t s  i n  
t h e s e  r e p o r t s  is  d i f f i c u l t  because sample s i z e s ,  p repa ra t ion  of samples, 
and t i s s u e s  t e s t e d  v a r i e d  g r e a t l y .  Never the less ,  some t r ends  a r e  i nd i -  
ca t ed .  
T o t a l  DDT r e s i d u e s  i n  samples of whole c r a b s  o r  f l e s h  from San 
Franc isco  Bay have ranged from about  0.02 t o  0.25 ppm. Samples of whole 
c r a b  o r  f l e s h  from o u t s i d e  t h e  bay ranged from about  0.01 t o  0.14 ppm. Crab 
eggs from o u t s i d e  t h e  bay (mature ovigerous c r a b s  r a r e l y  occur  i n  t h e  bay) 
ranged from about  0.05 t o  0.4 pprn t o t a l  DDT r e s i d u e s .  Only one of t h e  
r e p o r t s  examined o t h e r  t i s s u e s .  W i l l i s  r e p o r t s - l e v e l s  i n  d i g e s t i v e  g lands  
and one ovary sample, a l l  from i n s i d e  t h e  bay. The ovary y i e lded  0.7 pprn 
w h i l e . d i g e s t i v e  gland samples ranged from 1 .3  t o  4.3 ppm t o t a l  DDT r e s i -  
dues.  
I n  t h e  win te r  of 1973-74, w e  ob ta ined  samples of a d u l t  c r a b s  o u t s i d e  
t h e  bay. These samples, analyzed by t h e  Department 's P e s t i c i d e  Laboratory,  
had t o t a l  DDT r e s i d u e s  (p r imar i ly  DDE) ranging  from t r a c e  t o  0.06 pprn i n  
t h e  f l e s h  and 0.03 t o  0.13 pprn i n  t h e  eggs. These d a t a  may r e f l e c t  t h e  
d e c l i n i n g  u s e  of DDT. 
Concurrent samples from t h e  Eureka a r e a  had t o t a l  DDT r e s i d u e s  of 
t r a c e  t o  0.01 ppm i n  t h e  f l e s h  and 0.01 t o  0.1 pprn i n  t h e  eggs. 
During 1975, we c o l l e c t e d  200 j u v e n i l e  c r a b s  (100 each from San 
Franc isco  and Hunlboldt Rays) f o r  p e s t i c i d e  a n a l y s i s .  MRl?'s Ocean Manage- 
ment Uni t  1 a s s i s t e d  i n  t h e  c o l l e c t i o n .  Samples of f l e s h  and d i g e s t i v e  
gland were e x t r a c t e d  and shipped t o  t h e  nepa r tmen t t s  P e s t i c i d e  Laboratory 
where they a r e  being t e s t e d  f o r  p e s t i c i d e  l e v e l s .  The r e s u l t s  w i l l  b e  
analyzed by s i z e ,  sex ,  and a r e a .  
Because t h e  d i g e s t i v e  gland p l ays  an important  r o l e  i n  mol t ing ,  p e s t i -  
c i d e  l e v e l s  i n  t h i s  t i s s u e  a r e  of p a r t i c u l a r  i n t e r e s t .  The r e s u l t s  w i l l  
determine whether we need t o  t e s t  t h i s  t i s s u e  i n  a d u l t  c r a b s  and w i l l  pro- 
v i d e  the  b a s i s  f o r  l a b o r a t o r y  experiments and b ioas says  which may be  needed 
t o  f u r t h e r  de te rmine  t h e  s i g n i f i c a n c e  of t h e s e  t o x i c a n t s .  
PCB's, another  group of c h l o r i n a t e d  hydrocarbons, have been used 
worldwide i n  a wide v a r i e t y  of products  such a s  h y d r a u l i c  f l u i d ,  d i f f u s i o n  
pump o i l ,  l i q u i d  e l e c t r i c a l  i n s u l a t o r s ,  a d d i t i v e s  i n  p a i n t s  and v a r n i s h e s ,  
brake l i n i n g s ,  c l u t c h  p l a t e s ,  g r ind ing  wheels,  p l a s t i c  b o t t l e s ,  adhes ives ,  
s y n t h e t i c  f a b r i c  product ion ,  numerous p r i n t i n g  p roces ses ,  e t c .  
PCB's were f i r s t  found i n  t h e  t i s s u e s  of Europe's w i l d l i f e  i n  1966-67. 
Since then ,  PCB's have been found i n  marine i n v e r t e b r a t e s ,  f i s h ,  b i r d s ,  
marine mammals, and humans. They have become wide ly  d i spe r sed  i n  t h e  
g l o b a l  ecosystem. 
PCB's a r e  r epo r t ed  t o  be powerful inducers  of h e p a t i c  enzymes which 
degrade o e s t r a d i o l ,  a hormone produced by t h e  o v a r i e s  (Risebrough, e t  a l .  
1968).  They have been impl ica ted ,  a long  wi th  DDT, i n  e g g s h e l l  t h inn ing  
i n  b i r d  eggs (Risebrough, e t  a l .  1968).  
PCB's have been found i n  Dungeness c r ab  f l e s h  (0.006-0.06 ppm, 9 
c rabs )  and eggs (0.11 ppm, one sample t e s t e d )  from t h e  San Franc isco  a r e a  
(James Rote,  pe r s .  cormnun.). The va lues  r e p r e s e n t  t h e  t o t a l s  of t h r e e  
PCB's. 
PCB'S were n o t  found i n  t h e  samples of c r ab  eggs and f l e s h  obta ined  
from t h e  San Franc isco  and Eureka a r e a s  i n  t h e  win te r  of 1973-74 and 
t e s t e d  f o r  po lych lo r ina t ed  hydrocarbons a t  t h e  Department 's P e s t i c i d e  
Laboratory. The l a b o r a t o r y  d e t e c t i o n  l i m i t  f o r  PCB's was 0.005 ppm. 
Rote ' s  d e t e c t i o n  l i m i t s  were cons iderably  lower,  a l though h e  found l e v e l s  
of i n d i v i d u a l  PCB's h ighe r  than  0.005 ppm. 
The samples of j u v e n i l e  c r ab  f l e s h  and d i g e s t i v e  gland be ing  t e s t e d  
f o r  p e s t i c i d e s  a t  t h e  P e s t i c i d e  Laboratory w i l l  a l s o  be  t e s t e d  f o r  PCB's. 
The r e s u l t s  should determine t h e  need f o r  f u r t h e r  sampling and l a b o r a t o r y  
experiments . 
Laboratory Experiments 
Laboratory experiments  w i l l  be  designed t o  t e s t  hypotheses on e f f e c t s  
of environmental  t o x i c a n t s  on behavior  and s u r v i v a l  of t h e  v a r i o u s  l i f e  
s t a g e s  of Dungeness c r a b s .  Hypotheses w i l l  be developed from ana lyses  of 
t h e  d a t a  dn l e v e l s  of v a r i o u s  environmental t o x i c a n t s  and r e l a t e d  s t u d i e s .  
This  work w i l l  be  done a t  t h e  Department 's Marine Bioassay Laboratory 
by p r o j e c t  b i o l o g i s t s .  It w i l l  depend upon a supply  o f  a p p r o p r i a t e  c r a b  
l i f e  s t a g e s  produced by Marine Cu l tu re  Labora tory  b i o l o g i s t s .  
Some of t h e  equipment i t e m s  mentioned i n  t h e  s e c t i o n  on Laboratory 
Experiments under Oceanographic F a c t o r s  w i l l  be  used i n  t h e s e  experiments .  
Planning f o r  l a b o r a t o r y  experiments w i l l  beg in  when t h e r e  have been 
s u f f i c i e n t  ana lyses  of t h e  d a t a  t o  produce hypotheses on e f f e c t s  of envi- 
ronmental t o x i c a n t s  on c rabs .  
Data Analysis  
Only minimal d a t a  a n a l y s i s  has  been done s o  f a r .  S t a t i s t i c a l  a n a l y s i s  
by t h e  Biometrics Un i t  of t h e  e x i s t i n g  d a t a  on t r a c e  and major elements  i n  
Dungeness c r ab  t i s s u e s  e s t a b l i s h e d  t h e  sample s i z e s  needed f o r  determining 
d i f f e r e n c e s  between t h e  San Franc isco  and Eureka a r e a s .  Examination of 
t h e  l i t e r a t u r e  and a v a i l a b l e  d a t a  on t o x i c a n t  parameters  and t h e i r  l e v e l s  
and e f f e c t s  i n  c r a b s  and o t h e r  organisms has  provided t h e  b a s i s  f o r  e s t ab -  
l i s h i n g  t h e  r e sea rch  p r i o r i t i e s .  
A s  t h e  d a t a  f rom ou r  sampling program and c o n t r a c t  s t u d i e s  become 
available, they w i l l  be  analyzed and used t o  determine t h e  need f o r  
f u r t h e r  sampling and t o  des ign  l a b o r a t o r y  s t u d i e s  on e f f e c t s  on c rabs .  
MARINE CULTURE LABORATORY CRAB STUDIES 
The ~ e p a r t m e n t ' s  Marine Cu l tu re  Laboratory a t  G r a n i t e  Canyon conducts  
Dungeness c r a b  c u l t u r e  s t u d i e s  which a r e  i n t e g r a t e d  w i t h  t h e  Dungeness 
Crab Research Program. The o b j e c t i v e  of t h i s  p a r t  of t h e  MCL o p e r a t i o n  is 
t o  develop t h e  c a p a b i l i t y  f o r  growing s u f f i c i e n t  numbers of l a r v a l  and 
p o s t - l a r v a l  c r abs  f o r  s t u d i e s  of development through s t a g e s  of growth, 
behav io ra l  s t u d i e s ,  experiments  i n  t e s t i n g  e f f e c t s  of environmental  f a c -  
t o r s ,  and b ioas says  of s e l e c t e d  environmental t o x i c a n t s .  
The Crab Environment P r o j e c t  i s  c o l l e c t i n g  and ana lyz ing  n a t u r a l  
oceanographic parameters  of t h e  c r a b ' s  environment,  conduct ing  s t u d i e s  
of environmental  t o x i c a n t s ,  and measuring l e v e l s  of many contaminants  i n  
c r a b  t i s s u e s .  
Hypotheses of t h e  behavior ,  growth, and s u r v i v a l  of c r a b s  i n  
response  t o  va ry ing  environmental  f a c t o r s  a r e  be ing  developed by t h e  
r e s e a r c h  team. Laboratory experintents w i l l  b e  designed t o  t e s t  t h e  
hypotheses i n  c o n t r o l l e d  l a b o r a t o r y  experiments.  The t echn iques  devel-  
oped by MCL s t u d i e s  a r e  be ing  r e f i n e d  f o r  p r e d i c t a b l e  c a p a b i l i t y  of s m a l l  
s c a l e  and l a r g e  s c a l e  c u l t u r e  t o  supply c r a b s  of v a r i o u s  l i f e  s t a g e s  f o r  
experiments t o  be  conducted i n  t h e  PICL, our  Bioassay Labora tory ,  and i n  
l a b o r a t o r i e s  of coopera t ing  agencies .  The f i r s t  s e r i e s  of c o n t r o l l e d  
l a b o r a t o r y  experiments a r e  planned f o r  1976. 
Small Sca l e  Cu l tu re  
During 1975 an  a r r a y  of smal l  scale, c r a b  c u l t u r e  experiments  i n  
f l a s k s  were conducted t o  i d e n t i f y  s u i t a b l e  c u l t u r e  c r i t e r i a .  
The c u l t u r e  experiments  u t i l i z e  ovigerous female c r a b s  a v a i l a b l e  dur- 
i n g  win te r  months, l a r v a e  c o l l e c t e d  from plankton samples,  and s t a g e s  of 
j u v e n i l e s  and mature c r a b s  a l s o  c o l l e c t e d  from bay and ocean wa te r s .  The 
egg-bearing females  a r e  he ld  dur ing  t h e - h a t c h i n g  per iod  and t h e  l a r v a e  
a r e  r ea red  through a l l  f i v e  zoea l  s t a g e s ,  t h e  megalops s t a g e ,  metamorphosis 
t o  t h e  c r ab  form, and a l l  succes s ive  mol t s  t o  t he  a d u l t  and s e x u a l l y  mature 
c r ab .  
The 1975 experiments  i n  250 and 500 m l  f l a s k s  r evea l ed  avenues f o r  
improving succes s  i n  c r a b  c u l t u r e  a s  fo l lows:  
1 )  Crab l a r v a e  surv ived  b e t t e r  on a d i e t  of unfed b r i n e  shrimp, 
Artemia saZina ,  n a u p l i i ,  than  when f ed  b r i n e  shrimp n a u p l i i  ( l a r v a e )  
t h a t  were nu r tu red  on t h e  u s u a l  foods provided,  t h e  diatom, 
PhaeodactyZwn t r i c o m u t u m ,  o r  t h e  u n i c e l l u l a r  a l g a ,  TetraseZmis sp .  
2) The r o t i f e r ,  Brachionus pZiacatiZis, used a l o n e  a s  food f o r  
c r a b  l a r v a e  w a s  n o t  a s a t i s f a c t o r y  d i e t .  However, t h i s  r o t i f e r  used 
as fo rage  i n  combination w i t h  b r i n e  shrimp nu r tu red  on t h e  diatom, 
P. t r i c o m u t m ,  r e s u l t e d  i n  c r ab  zoeae s u r v i v a l  t o  t h e  f i f t h  s t a g e .  
3)  The u s e  of t h e  a n t i b i o t i c ,  s t reptomycin SO i n  dosages a s  4 ' 
low a s  150 m g / l  r e s u l t e d  i n  26% s u r v i v a l  of c r a b  l a r v a e  t o  t h e  
megalopa s t a g e .  Th i s  was more than  100% improvement i n  s u r v i v a l  
r a t e .  
Large Sca l e  Cul ture  
The l a r g e r  s c a l e  c u l t u r e  system t e s t e d  produced b e t t e r  l a r v a l  and 
pos t - l a rva l  c r a b  s u r v i v a l  t han  t h e  f l a s k  system. The system was of con- 
t inuous  flow des ign  and provided a sand s u b s t r a t e  i n  a 6 .8  1 tank .  This  
c u l t u r e  system r e s u l t e d  i n  36.6% s u r v i v a l  t o  t he  megalopa s t a g e ,  40% 
h ighe r  than  t h e  s u r v i v a l  i n  f l a s k  c u l t u r e .  The megalopae were placed i n  
compartmented c u l t u r e  c o n t a i n e r s  t o  prevent  cannibal ism.  EIetamorphosis 
t o  t h e  c r a b  form occurred and t h e  compartmented c u l t u r e  technique  was con- 
t i nued  f o r  t h e  r e a r i n g  of t h e  c r abs .  Pos t - l a rva l  s t a g e  I c r a b s  were f e d  
a d u l t  b r i n e  shrimp. Second and t h i r d  p o s t - l a r v a l  i n s t a r s  r ece ived  a d i e t  
of b r i n e  shrimp p l u s  d iced  squ id ,  LoZigo opaZescens. P o s t - l a r v a l  
S t age  I V  and o l d e r  were f ed  d i ced  market squid only.  Su rv iva l  of a l l  
c r ab  p o s t - l a r v a l  i n s t a r s  was e x c e l l e n t  (92%). By November most of t h e  
c r a b s  had molted i n t o  p o s t - l a r v a l  Stage VIII c r a b s  and a r e  s t i l l  doing 
w e l l .  
Megalopae were c o l l e c t e d  from ocean wa te r s  i n  June  1974 and taken  t o  
the. MCL f o r  r e a r i n g  experiments.  The megalopae metamorphosed i n t o  pos t -  
l a r v a l  c r a b s  and some have surv ived  t o  become a d u l t  Stage X I  c r a b s  111- 
119 mrn (4.3-4.7 inches )  wide. I n  September 1975 t h r e e  of t h e s e  labora tory-  
r ea red  c r a b s ,  s e x u a l l y  mature females ,  were mated w i t h  mature male c r a b s  
from t h e  wi ld .  The female c r abs  a r e  be ing  h e l d  i n  t h e  l a b o r a t o r y  f o r  
f u r t h e r  obse rva t ion  i n  hopes t h a t  t hey  w i l l  spawn v i a b l e  eggs which w i l l  
h a t c h  e a r l y  i n  1976. 
The successes  of t h e  MCL a r e  encouraging. They i n d i c a t e  g r e a t  prog- 
ress s i n c e  1963 when t h e  f i r s t  ha t ch ing  of c r abs  and l a r v a e  r e a r i n g  was 
accomplished i n  t h e  "back room" of our  Menlo Park o f f i c e .  O i l r  knowledge 
and e x p e r t i s e  has  reached t h e  p o i n t  a t  which ~ 7 e  a r e  prepared f o r  labora-  
t o r y  t e s t i n g  of hypotheses of environmental  e f f e c t s  on c rab  s u r v i v a l .  
DISCUSSION 
The development of t h e  Department of F i sh  and Game Research Program 
(Adm. Rpt. 75-8) i n  1974 and t h e  i n i t i a l  p rogress  on  t a s k s  of t h e  program's 
r e sea rch  p r o j e c t s  i n  1975 have demonstrated t h e  v a l u e s  of systems a n a l y s i s  
planning and f u l l  i n t e r f a c e  wi th  s t a f f s  both w i t h i n  t h e  Department and non- 
f i s h  and game groups. The avoidance of p i t f a l l s ,  t h e  advancement from 
l e v e l s  of knowledge a t t a i n e d ,  and choices  of most p l a u s i b l e  cou r ses  df 
a c t i o n  a r e  most p o s s i b l e  i n  an a rena  of candid exchange of i d e a s  and use of 
e x p e r t i s e  of s p e c i a l i s t s  of s e v e r a l  d i s c i p l i n e s .  W e  know t h a t  a l l  avenues 
of i n v e s t i g a t i o n  a r e  n o t  being pursued, b u t  those  fol lowed a r e  t h e  most 
accep tab le  t o  c o l l e c t i v e  opin ion .  
Ant ic ipa ted  o b s t a c l e s  a r e  a d m i n i s t r a t i v e  procedures ,  v e s s e l  schedul ing ,  
gear  maintenance and l o s s ,  and v a g a r i e s  of weather.  
Adminis t ra t ive  procedures  of budget ing,  procurement of equipment, and 
s t a f f i n g  a r e  expected t o  be  l i m i t i n g  f a c t o r s  w i t h  b u i l t - i n  de l ay ing  a c t i o n s  
which h inde r  program ope ra t ions .  Fo r tuna te ly  dur ing  t h e  months of prelim- 
i n a r y  p repa ra t ions  f o r  t h e  program some of t h e s e  o b s t a c l e s  were i d e n t i f i e d  
and s t e p s  taken t o  exped i t e  procedures.  The s t a f f i n g  t o  f o u r  b i o l o g i s t s ,  
a s tenographer ,  and some seasona l  h e l p  was provided w i t h  t h e  1974 reorgani -  
z a t i o n  of t h e  Marine Resources Region and Operat ions Research Branch when 
Research Team No. 1 was des igna ted  f o r  p r i o r i t y  r e s e a r c h  i n  c e n t r a l  and 
no r the rn  C a l i f o r n i a .  Pre l iminary  f i e l d  ope ra t ions  were e s t a b l i s h e d  wi th  
assurances  of a d d i t i o n a l  manpower (two b i o l o g i s t s  and 1 8  months of tempo- 
r a r y  he lp )  f o r  t he  program. One b i o l o g i s t  has  not  been provided;  there-  
f o r e ,  some proposed a c t i v i t i e s  must be reduced. The procurement of 
s u p p l i e s ,  gea r ,  and equipment has  been expedi ted  by purchases,  borrowing, 
and r econd i t i on ing  o l d  gear  a v a i l a b l e  from previous  p r o j e c t s .  
The a v a i l a b i l i t y  of r e sea rch  v e s s e l s  i s  s u b j e c t  t o  p r i o r i t y  of v a r i o u s  
programs, s t a f f i n g  problems of crews, and v e s s e l  overhauls .  These v e s s e l  
problems are common t o  a l l  programs i n  need of a r e l i a b l e  r e sea rch  p l a t fo rm 
a t  sea .  The accomplishment of c r u i s e  p l ans  i s  l i m i t e d  and o f t e n  ocean 
ope ra t ions  a r e  precluded by weather .  It i s  n o t  unusual i n  any ' season  t o  
l o s e  a week of s e a  t i m e  due t o  adve r se  s e a  c o n d i t i o n s  o f f  c e n t r a l  
C a l i f o r n i a .  Fo r tuna te ly ,  i n  1975 we had few such d i f f i c u l t i e s .  A l l  i n  a l l  
people ,  equipment, and weather a c t e d  i n  o u r  f avo r .  
The s tudy  a r e a  of t h e  Dungeness Crab Research Program encompasses t h e  
major a r e a  s u f f e r i n g  cont inuing  low c rab  h a r v e s t s ,  t h e  Gulf of t h e  
F a r a l l o n e s ,  p l u s  t h e  major nu r se ry  a r e a  comprising t h e  San Pablo Bay-San 
Franc isco  Bay complex. The p rog res s  of t h e  Crab C r i t i c a l  S tage  P r o j e c t  
and t h e  Crab Environment P r o j e c t  dur ing  1975 has  been encouraging. We have 
loca t ed  l a r v a l ,  j u v e n i l e ,  and a d u l t  c r a b s  w i t h i n  t h e  s tudy  a r e a  and have 
developed sampling techniques  t o  s tudy d i s t r i b u t i o n  and r e l a t i v e  abundance 
of c r i t i c a l  s t a g e s .  The compi la t ion  of reams of h i s t o r i c a l  d a t a  on n a t u r a l  
environmental f a c t o r s ,  and t h e  de te rmina t ion  of contaminant l e v e l s  i n  c r ab  
t i s s u e s  p re sen t  u s  w i t h  t h e  measures necessary  f o r  des ign  of l a b o r a t o r y  
t e s t s  of t h e  e f f e c t s  of environmental f a c t o r s  on c rab  s u r v i v a l .  Thus t h e  
i n t e r a c t i o n  of f a c t o r s  of c r ab  b io logy  and c rab  environment can be analyzed 
t o  g a i n  i n s i g h t  t o  t h e  e c o l o g i c a l  complexi t ies .  
The t e s t i n g  of hypotheses w i th  l i v e  c r i t i c a l  s t a g e s  i n  t h e  Marine 
Cu l tu re  and Marine 'Bioassay Labora to r i e s  w i l l  g ive  us  more f i r m  bases  f o r  
ana lyses  and syntheses  of recommendations a s  the program con t inues .  
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